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PREFACE. 


X^  preparing  this  work  fer  the  public,  the  writer 
was  chiefly  influenced  by  a  desire  to  collect  the 
truths  of  Zoology  within  a  small  compass,  and  to 
render  them  more  intelligible,  by  a  systematical 
arrangement.  He  is  not  aware  that  there  exists 
any  work  in  the  English  language,  in  which 
the  subject,  in  its  different  bearings,  has  been  il- 
lustrated in  a  philosophical  manner,  or  to  which  a 
student  of  Zoology  could  be  referred,  as  a  suitable 
introduction  to  the  sdence.  There  are  not  wanting, 
it  is  true,  many  disquisitions  of  great  value,  on  par- 
ticular departments  of  the  physiology  and  classifica- 
tion of  Animals ;  for  who  can  enumerate  the  names 
of  Tyson,  Listee,  Willoughby,  Ray,  Ellis, 
Hunter,  Pennant,  Monro,  and  Montagu, 
among  the  dead,  and  Home,  Eirby,  and  Leach, 
among  the  living  zoologists  of  Britain,  without 
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VI  PREFACE. 

regarding  them '  as  extensive  benefactors  of  the 
science.  But  the  writings  of  these  naturalists, 
and  others  which  have  been  noticed  in  the  body 
of  the  work,  are  not  only  rare,  but  expensive; 
so  that  the  task  of  investigating  the  facts  which 
have  been  established,  or  the  theories  which  have 
been  proposed,  can  scarcely,  in  ordinary  drcum- 
stances,  be  entered  upon.  The  want,  indeed,  of 
such  an  introduction  to  the  study  of  the  Animal 
Kingdom,  as  should  serve  as  an  index  to  the  doc- 
trines on  which  the  classification  is  founded,  has 
frequently  been  the  subject  of  regret,  and  may  pro- 
bably be  considered  as  the  origin  of  that  indifference 
to  the  science  which  is  but  too  apparent  in  this  coun- 
try. Botany  and  Mineralogy  have  been  illustrated 
by  a  variety  of  introductory  works,  full  of  enlaiged 
and  philosophical  views,  and  professorships  have 
been  instituted  to  accelerate  the  progress  of  these 
sciences  :  but  Zoology  has  experienced  no  such  fos- 
tering care.  It  has  been  abandoned  to  its  fate,  and 
suffered  to  languish  under  the  pernicious  influence 
of  peculiar  external  circumstances. 

Among  those  circumstances  which  have  directly 
retarded  the  progress  of  Zoology  in  Britain,  there 
is  one  which  has  been  conspicuously  hurtful, — the 
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infliimoe  of  tlie  dogmas  of  the  Linnean  School. 
Thare  have  not  been  wanting  naturalists  in  this 
ooontry,  who  have  i^arded  the  twelfth  edition  of 
the  *'  Systema  Naturae"  as  the  standard  of  all  exod- 
lenoe  in  this  branch  of  Natural  History,  and  who 
have  considered  the  dasses,   orders,  and  genera 
therein  established,  as  sufficient  to  embrace  aU 
the  species  on  the  globe.    Every  attempt  to  em- 
ploy characters  different  from  those  made  use  of 
by  LiNN^us,  has  been  stigmatissed  as  presUmptuoua 
innovation ;  the  establishment  <xf  a  new  genus  has 
been  condemned  as  an  unnecessary  burden  imposed 
on  the  memory ;  the  new  species  have  been  crowded 
into  the  established  categories,  thoi^h  destitute. of 
the  prescribed  claims  of  admission ;  and  all  that  is 
valuable  in  the  history  of  an  animal,  has  been  con- 
sidered capable  of  being  expressed  in  its  trivial 
name  and  q)ecific  character.    Though  such  has 
been  the  practice  of  the  devoted  admirers  of  LiN- 
NiBUs,  it  is  not  conformable  to  those  principles 
which  r^ulated  the  conduct  of  that  enlightened 
naturalist  himself.    He  examined  with  the  great- 
est freedom  the  opinions  of  hb  predecessors,  and 
did  not  suffer  the  methods  which  they  had  employ^ 
ed  to  regulate  the  construction  of  his  own  divisions* 
He  exhibited  the  most  convincing  proofs  of  the  w-s 
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^emty  of  frequent  changeg  in  the  avrstegeikietft;  td^ 
keep  p8ce  wi^  the  pregresn  of  ddenoe.    Within  the 
'  space  of  thirty  yeafs,  his  system  passed  throiigh  twAft 
editions,  the  greatear  numher  of  whi(^  wete  fevised  by 
himself:  these  in  suecession,  by  thenvmetMs  altem- 
tion»made  in  the  charactera,  number  and  ^ttibu* 
tion  of  the  genera*  evinced  the  dejpeeiated  value  of 
those  which  preceded,  and  predicted  the  temporary 
excellenoe  of  all  that  should  follow.  The  blind  adhe* 
renee  of  British  naturalists  to  the  systematical  ar- 
rangement of  animals  whicE  LrNN^us  recommend- 
ed, which  led  them  to  n^lect  the  impcniiant  servioea 
of  Lister  and  Ray,  and  rcgect  the  methods  which 
these  illustrious  observers  had  proposed,  and  their 
hostifity  to  every  reformation,  appear  the  more  re- 
markable, when  it  is  considered  that  his  Mineralo- 
gical  System  was  arrested  in  its  progress  by  the  fi^e- 
ble  barriers  which  Woodward  and  Dacosta  had 
raised  up.    P^haps  a  part  of  this  influence  may  be 
traced  to  the  pirrehase  of  the  Linnean  cabinet  by 
its  present  illustrious  possessor  Sir    James  Ed- 
ward Smith,  and  the  interest  in  favour  of  its 
fermer  owner  whidi  this  circumstance  could  not 
fail  to  exdte  in  this  country.    At  all  events,  there 
is  reason  to  rejoice  that  this  influence,  once  so 
powerful,,  is  on  the  decline ;  and  to  hope  that  the 
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activity  of  the  present  cultivators  of  the  science 
will  atone  for  the  last  forty  y^ars  of  zoological  Ikt* 
lesoiess. 

In  order  to  form  a  correct  estimate  of  the  zoolo- 
gical merits  of  Linn jbus,  the  **  Systema  NatnrsB" 
must  be  regarded  as  the  index,  merely,  of  the  names 
of  the  different  animals,  not  as  the  exposition  of 
their  history ;  and  the  **  Amoenitates  Academicse*' 
must  be  studied,  as  containing  numerous  examples 
of  those  efforts  which  can  alone  add  dignity  to  this 
department  of  knowledge. 

It  win  be  fortunate  for  the  interests  of  science, 
if,  in  rejecting  what  is  obsolete  in  the  system  of 
LiKNJEUS,  zoologists  do  not,  at  the  same  time,  un- 
dervalue that  precision  in  method  at  whidi  he  aim- 
ed. This  observation  appears  the  more  necessary, 
as  there  is  now  much  declamation  about  the  worth- 
lessness  of  Artificial  Systems,  and  the  excellence  of 
Natural  Methods.  But  this  excellence  is  more  ap- 
,  parent  than  real.  Many  of  those  natural  groups 
which  are  so  much  praised  are  ill  defined,  and  it  is 
even  acknowledged  by  their  admirers,  that  precise 
limits  cannot  be  assigned  to  them.  Hence  it  b^ 
quently  happens,  that  the  definition  of  the  group  is 
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applicable  to  a  few  genera  only,  which  are  considered 
as  its  type,  and  does  not  embrace  other  genera  which 
are  r^arded  as  belonging  to  it,  but  beginning  to  as- 
sume the  characters  of  some  of  the  other  neighbour- 
ing groups.     There  is  here  the  use  of  a  method, 
where  there  is  no  precision,  and  a  boasting  that  the 
plan  of  Nature  is  followed,  when  that  plan  is  con- 
fessedly incomprehensible.      Indeed,  it  often  hap- 
pens, that  the  admired  natural  method  of  one  zoo- 
logist differs  from  the  censured  artificial  method  of 
another,  merely  in  the  circumstance  that  different 
systems  of  organs  have  been  made  choice  of  as  the 
basis  of  the  respective  classifications.     Unless  zoo- 
logists, in  the  formation  of  their  primary  groups, 
endeavour  to  determine  those  characters  which  aU 
the  members  possess  in  common,  admitting  only  such 
marks  into  the  definition,  and  practise  the  same  me^ 
thod  with  all  the  subordinate  divisions,  the  progress 
of  the  science  will  be  unsteady,  the  student  will  be 
startled  at  its  contradictions,  and  the  revolutions  in 
nomenclature  become  as  frequent  as  the  cidtivators 
of  the  science  are  numerous. 

The  ridicule  too  often  thrown  out  against 
some  of  the  departments  of  Zoology,  by  |)ersons  who 
pretend  to  considerable  intellectual  acquirements, 
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may  have  been  prejudicial  in  its  effects,  by  prevent- 
ing many  from  entering  upon  the  study,  and  by  re- 
straining the  efforts  of  others.     The  Animal  King- 
dom is  considered  by  many  persons  as  furnishing  a 
delightful  field  of  rational  enquiry,  but  they  feel 
disposed  to  bestow  all  their  praise  on  certain  sub- 
jects of  that  kingdom  which  happen  to  be  favourites, 
and  they  are  ready  to  stigmatize  the  remainder  as 
comparatively  worthless.     They  would  applaud  the 
student  inclined  to  investigate  the  instincts  of  the 
elephant,  but  would  censure  him,  as  engaging  in  de^ 
grading  pursuits,  were  he  detected  in  examining  the 
habits  of  a  spider,  or  the  structure  of  a  worm.     Do 
such  persons  consider  the  wisdom  of  the  plan  of 
Providence  as  discoverable  without  an  acquaintance 
with  the  relation  of  the  particular  parts,  or  a  par- 
tial view  as  sufficient  to  enable  them  to  compre- 
hend the  whole?     To  such  judges  of  Nature,  a 
sneer  would  perhaps  be  the  most  suitable  reply; 
but,  as  they  are  numerous,  it  may  be  worth  while 
to  attempt  to  teach  them  sounder  views.     Much  of 
their  error  may  be  traced  to  the  importance  which 
they  attach  to  size,  without  perhaps  reflecting,  that, 
if  this  is  to  be  considered  as  the  best  test  of  the  dig- 
nity of  an  animal,  the  horse  must  be  regarded  as 
more  excellent  than  his  rider.     Besides,  were  ani<> 
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mals  useful  to  man  in  t)roporti6n  to  their  size,  would 
.  the  worm-like  leech  ever  have  beeii  resorted  to  as  a 
blood-letter,  or  the  insect  coccus  employed  as  a  dye? 
On  no  occasion  can  the  argumentum  ad  verecun- 
diam  be  employed  with  more  effect,  than  when  ad- 
dressed to  the  despisers  of  the  hiunbler  tribes  of 
animated  beings.  By  whose  power  were  the  mean- 
est creatures  formed  ?  By  whose  wisdom  were  all 
their  organs  arranged  to  fit  them  for  the  place  they 
occupy  ^  By  whose  will  do  they  live?  By  whose 
bounty  is  their  life  sustained?  Know,  that  He, 
who,  in  the  beginning,  created  the  Heaven  and  the 
Earth,  said,  "  Let  the  earth  bring  forth  the  living 
**  creature  after  his  kind,  cattle,  and  creeping  thing, 
"  and  beast  of  the  earth  after  his  kind :  and  it  was 
**  so."  Is  it,  then,  to  be  considered  as  a  degrading 
employment  for  man  to  examine  those  creatures 
which  were  formed  by  GrOD  ? 

In  collecting  the  materials  of  the  present  work, 
and  preparing  it  for  publication,  the  author  expe- 
rienced unavoidable  difficulties,  arising  from  liis  re- 
mote situation.  It  was  sometimes  not  in  his  power, 
from  his  time  being  occupied  by  other  important 
duties,  to  consult  rare  and  costly  works  on  Na- 
tural History ;  and  the  slow  progress  of  his  task. 
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which,  has  occupied  him  for  more  than  three  years, 
has  prevented  him  from  quoting. some  authors, 
whose  publications  are  ahready  known  to.  the  pu- 
blic.   The  Chapters,  for  example,  on  the  Oi^gans 
of  Perception,   and  the  Faculties  of  the  Mind, 
were  prepared  for   the  press  several  months  be- 
fore the  publication  of  the  '' Physiology  of  the 
Mind"  by  the  late  Dr  Bbown.  Had  this  not  been 
the  case,  the  author  would  have  availed  himself  of 
several  acute  remarks  of  that  discriminating  philo- 
sopher.    Should  the  reader  detect  the  slightest  co- 
incidence of  opinion  in  the  two  publications,  it  can 
only  be  attributed  to  the  analytical  operations  ha- 
ving been  performed  on  similar  subjects.    Another 
work  has  appeared  more  recently,  which  the  au- 
thor regrets  was  not  before  him  .  in  the  whole 
course  of  his  enquiries.    -He  refers  to  Dr  Bar- 
clay's Treatise  on  Life  and  Organization.      It 
should  be  perused  with  care  by  every  student  of 
Anatomy  and  Natural  History,  as  an  effectual  pre- 
servative against  the  doctrines  of  Materialism,  and 
deserves  a  place  as  well  in  the  library  of  the  Divine 
as  in  that  of  the  Physiologist. 

.  In  the  distribution  of  the  subjects  of  the  follow- 
ing work,  it  was  con^sidered  more  useful  to  classify 
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the  different  organs  of  animals,  and  determine  the 
functions  which  are  executed,  previous  to  the  syste- 
matical arrangement  of  the  species,  than  to  unf<dd 
the  peculiarities  of  the  various  oi^ans  as  they  occur 
in  succession  in  the  different  classes.  By  this  me- 
thod, the  student  is  made  acquainted  with  the  va- 
rieties of  organization  and  function,  and  proceeds 
to  the  details  of  methodical  distribution,  mth  his 
mind  prepared  by  general  views  for  conducting  the 
particular  investigations.  In  the  distribution  of  the 
various  groups,  the  author,  after  the  plan  of  the 
"  Regne  Animal"  of  M.  Cuviee,  the  most  valua- 
ble of  modem  systematical  arrangements,  begins 
with  the  perfect  animals,  and  terminates  v^th 
those  which  exhibit  the  most  simple  organisation. 
Suppose  an  opposite  plan  to  be  pursued,  many  diffi- 
culties must  present  themselves  in  the  course  of  the 
arrangement  As  the  observer  ascends  in  the  scale, 
new  organs  develope  themselves.  These  are  at  first 
so  obscure,  that  he  can  neither  unfold  their  structure 
nor  guess  at  their  functions,  vnthout  being  guided 
by  his  knowledge  of  the  organs  of  the  higher  tribes ; 
hence  it  happens,  that  the  boasted  analytical  me- 
thod becomes,  in  fact,  sjrnthetical ;  and  the  very 
terms  which  are  employed  to  express  the  characters 
intimate  a  knowledge  of  the  peculiarities  of  the  high- 
er divisions. 
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It  was  originally  intended  to  have  added  to  each 
genus  in  the  Vertebral  and  Molluscous  Tribes  at 
least,  a  list  of  all  the  species  which  have  been  dis- 
covered as  natives  of  the  British  Isles.  But  soon 
perceiving  the  impossibility  of  doing  this,  without 
exceeding  greatly  the  prescribed  limits,  the  writer 
reHnquished  the  plan.  He  has,  however,  resolved  to 
supply  the  defect  in  a  separate  publication,  (for  which 
he  has  been  collecting  materials  during  many  years) ; 
in  which  work,  he  will  confine  himself  to  the  deter- 
mination of  the  specific  characters  and  descriptions 
of  British  Animals.  The  propriety  of  attempt- 
ing such  a  publication,  must  be  acknowledged  by 
every  one  acquainted  with  the  present  chaotic  state 
of  the  British  Fauna. 

The  Plates  which  have  been  added  to  the  present 
work,  consist  of  figures  relating  exclusively  to  British 
animals.  They  are  not  gaudy,  but  they  are  correct 
delineations  fix)m  nature,  for  which  he  is  indebted 
to  the  pencil  of  his  wife. 

With  n^ard  to  the  style,  it  may  be  proper  to 
mention,  that  brevity  and  perspicuity  have  been 
diiefly  aimed  at.  That  there  are  several  errors  in 
the  composition  is  readily  acknowledged.    Those 
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which  seem  to  iBJure  the  sesfie,  have  been  taken  no- 
tice of  in  the  list  of  corrigenda. 

Before  concluding^  the  author  embiaces  this  op- 
portunity of  expressing  his  gratitude  for  the  kind  as- 
sistance he  has  experienced  in  prosecuting  the  worL 
He  must  particularly  mention  the  name  of  Professw 
Jameson,  who  has  added  so  much  to  the  reputa- 
tion of  the  University  of  Edinburgh*  as  an  eminent 
teacher  of  Natural  History,  and  to  whose  exertions 
the  public  is  indebted  for  that  splendid  collection 
of  Animals  which  adorns  the  Edinburgh  Museum. 
The  work,  indeed,  was  begun  in  consequence  of  his 
secommendationy  and  he  has  contributed  to  its  pro- 
gress by  many  kind  offices. 

To  Patrick  Neill,  Esqi  the  author  has  been 
under  particular  obligations*  f(»r  many  valuable  hints 
and  sound  mticisms,  dictated  equally  by  the  ties  of 
friendship  and  attachment  to  the  science. 

After  all  his  exertions,  the  writ^  is  aware  that 
much  more  might  be  done,  to  give  this  treatise 
stronger  claims  to  public  favour,  and  to  r^uda:  it 
better  deserving  of  the  title  which,  for  the  sake 
of  discrimination,  he  has,  perhaps  presumptuously. 
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tentmed  to  adopt;  and  he  would  only  recommend 
it  to  the  student  of  Zoology,  until  a  more  complete 
wofk  shall  appear,  which  would  be  perused  by  no 
one  with  greater  eagerness  than  himself. 

The  analytical  Table  of  Contents  exhibits  so 
fully  the  method  which  has  been  foUowedt  and  the 
anlgects  which  have  been  treated  o^  as  to  supersede 
the  necessity  of  an  Alphabetical  Index. 
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1.  Thumba  fitted  to  act  in  oppoaitiafi  to  the  fingera. 
Bimana.    Man,  •  .  171  i. 
Quadnunana.    Simiada^.    LimuridBe.        .  173 

2.  Thumbe  incapable  of  acting  in  oppoaition  to  the 
fingera. 

Cheiroptera,  175 

Fene. 
Hind  legs  developed  for  walking. 

FlantignKia.  181 J 
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DigitignuiA.  .  .  184 
Hind  legs  fitted  for  swimming. 

Palmata.  .  .  186 
b.  Destitute  of  tusks. 

Gliies.               ...  .189 

UNGULATA. 

Peconu  195 

BeUus.  .  .  199 
APODA. 

Herbivonu  203 

Cetacea.  .             .        S04 

2.  Maesupialia,  211 

IL— MONOTBBMATA,  218 

Preserration  of  Quadrupeds  for  >  Museum.  2l6 

BIRDS. 

Division  of  their  featliers.    Bones.    Respiratimi.    Ge- 
nenrtion.  ....       218 

I.  Fissipedes. 
TERRESTRIAL  BIRDS. 

1.  Three  toes  directed  anteriorly. 

A.  Nostrils  arched. 

Gallinc,  .  .  229 

Columbinse,  ....  232 

B.  Nostrib  exposed. 

ACCIPITRBB. 

Eagles,        ...  .233 

Owb,  .     •  .  236 

Pabseres. 

1.  Thefirst  joint  of  the  outer  and  middle  toes  con- 
nected. 
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Gape  wide. 

Fissirostres.  .  .237 

Gape  moderate. 

BUI  with  a  terminal  notch.  .  '        .         259 

Bill  destitute  of  a  terminal  notch.  242 

2.  First  and  second  toes  adhering  nearly  to  tlftar  tXf- 

tremity,      ^ .  .  ►        247 

II.  Two  toes  only  cGrected  forwards. 

A.  Toes  equally  divided^  two  before,  and  two  bdund.     248 

B.  Two  toes  before,  and  one  behind.  250 

Waders. 
Wings  developed.     Glariola.    Platalea.    Cultriroetres. 

Fressirostres,  250 

Wings  imperfect.    Casoaris.     Stmthtoi  257 

II.  Palmipedes. 

AQUATIC  BIRDS. 

I.  Hind  toe  united  with  the  fore  toes. 

Base  ofthe  bill  naked.    Onocratulua.     Sula.  258 

Base  ofthe  bill  feathered.     Pheton.  .259 

II.  Hind  toe  separate^ 

Margin  of  the  mandibles  with  teeth.    Anas.    Mergus^    259 
Margin  of  the  bill  destitute  of  teeth.    Aptenodytes. 
Alca.    Colymbus.    Procellaria.    Diomedia.    Lams 
Stfema.-  .261 

Method  of  Preserving  Birds,  26S> 

11.  mth  Cold  Blood. 

REPTILES. 
General  Description.  S66 

Heabt  with  two  Aubicles. 
L  Body  furnished  with  feet 


Digitized  by  CjOOQ IC 


CONTENTS  OF  VOI..  II. 


XXXV 


Page. 
Chelonea. 

General  Description.  2GS 

A.  Lips  corneous.    Cistuda,  Testudo,  Emys^  Chelon- 

uia^  Chelonia,  Coriudo.  270 

B.  Lips  fleshy.    Chelys,  Trionix.        ...         271 

Saubia. 

General  Description.  .        ib. 

A.  Furnished  with  four  feet        ....        272 

B.  Furnished  with  two  feet 278 

II.  Body  destitute  of  feet     Ophidia. 

Genera]  Description  of  Serpents.  279 

A.  Ventral  and  dorsal  scales  similar.  Anguis.  Am- 
phisbsena.  .  .288 

B.  Ventral  and  dorsal  scales  dissimilar.  Boa.  Colu- 
ber.   Crotalus,  290 

Heart  with  one  Auricle. 

General  Description  of  the  Batrachia.  296 

A.  Furnished  with  feet  With  a  tail>  Salamandra, 
Triton,  Sirena,  Apneumona.  Destitute  of  a  tail. 
Hjrla,  Rana,  Bufo,  Pipa.        ,  ...        296 

B.  Destitute  of  feet     Caecilia.  805 

FISHES. 
General  Description.    Skin.  Lateral  line.  Fins.  Suck- 
ers.    Air-bag.     Brain.      Nutritimi.     Gills.     Re- 
production.      Age.      Distribution.      Fish-ponds. 
Dietetical  Uses,  805 

Order  I. — Cartilaginous  Fishes. 

Subdivision  I.      Branchiae  fixed.*— Chonilroptery- 
gious  Fishes. 

Tribe  I.  Lips  fitted  to  act  as  a  sucker.  Petromy- 
son.     Homea.     Ammocetes.    Myxine.  374 

c2 
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Tribe  II.    Lips  unfit  to  act  as  a  sucker.    Squalus. 

Raia.     €himera.  -  ^5 

SubdivisioD  II.     Branchiae  free. 

Aedpenser.     Spatularia.  ....         380 

Order  II. — Osseous  Fishes. 

Subdivision  I.    Jaws  imperfect. 

Tribe  I.    Jaws  exposed  and  covered  with  ivory.   Dio- 

don.  ....  3Sr 

Tribe  II,    Jaws  covered^  and  supporting  ordinary 

teeth.    Balistes.     Ostracion.  ...  582 

Subdivision  II.    Jaws  perfect. 
Tribe  I.    Gills  in  tufts.    Syngnathus.  dS& 

Tribe  II.    Gills  continuous. 

A.  Malacopterygious  Fishes. 

(I.)  Ventral  fins  abdominal.  Salmo.    Clupea.    Esox^ 
Cypxinus.    SUurus.  .  SB4 

(II.)  Venttal  fins  thoracic  or  jugular, 
a.  Sides  nmUar. 

(aa.)  With  a  sucker.    Cydopttrus.    Echeneis.  587 

(bb.)  Destitute  of  a  sucker.     Gadus^  .  589 

6.  Sides  disMmlaT,     Pleuronectes.  iIk 

(III.)  Vential  fins  wanting. 

aa.  Gill  opening  small.    Murena.    Gyranotus^  589 

hb.  Gill  opening  apparent    Ophidium.    Anunodytes.    ib. 

B.  Acanthopterygious  Fishes. 

I.  Tsenioidsft.    Cepola.    Gymnelrus.    Tricfaiurus. 

Lepidopus.  590 


Digitized  by  CjOOQIC 


CONTENTS  OF  VOL.  11.  XXXTkl 

Page 
II.  Gobioidie.    Blennius.    AnarhicM.    Gobius.    Sil- 

laga    CaUkmymufl.  SQl 

III.  Labroids.    Labrus.    Scarus.  Sgi 

IV.  Sparoidae.    Dentez.    Cantharus.    Percads.  SS^ 
V.  Scombercndaeu     Scomber.    Gasterosteus.    Zeus.     394 

VI.  Chaetodon.    Strmnateus.    Tenmodon.  .    SQS 

VII.  Fistularia.    Centriscus.  ib. 

Preservation  of  Fishes  for  a  Museum*  897 


II. 
INVERTEBRA  TA. 

Cieneral  Description.         ^  -49s 

L 
GANGLIATA, 

MOLLUSCA. 

Description.    General  form.    Skin.    Shell.    Sucker. 
Bysstts.    Condition.  399 

Division  I. — Mollusca  Cephala. 

Description,  .  .  418 

Section  I.     Natantia. 

Class  I. — Cephalopoda. 
Description.   Sac.  Anns  and  Feet  Eyes.  Inky  Fluid*    419 
Order  I.— Nautiliada. 
Spirula.     Nautilus.     Multilocular  testacea,  430 
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Order  II.— SBPiAOiC. 

1.  Head  surrounded  with  eight  arms  and  two  feet 

Sepia.    Loljgo. 
S.  Head  surrounded  with  eight  arms  without  feet 

Octopus.     Eledona.     Ocjthee.  431 

Class  II. — Pteropoda. 

Description.     Tunic.     Fins.     Aerating  Organs.  44fO 

I.  With  a  shell     Limacina.     Hyalea.  443 

II.  Destitute  of  a  shell. 

A.  Fins  double.    Fneumodermon.    Clio.    Cleodora^     444 

B.  Fin  single.     Cymbulia.  446 

Section  II.— -Gasteropoda. 

'Description.    Cloak.    Foot    Neck.    Head.    Snout 

Tongue.  ...  ib. 

Class  I. — Pulmonifera. 

Description.  Pulmonary  cavity.  Dextral  and  sinis- 
tral shells.     Reproduction.  448 

Order  I.     Terrestrial 

Sttbdi^aion  I.  Cloak  and  foot  parallel.  Arion.  Li- 
max,  Parmacella.  Testacella.  Veronioellus.  On- 
diidium.  ....  450 

Subdivision  II.    Cloak  and  foot  not  parallel. 

Tribe  I.     Foot  with  a  lid.     Cyclostoma.  456 

Tribe  II.  Foot  destitute  of  a  lid.  Helix.  Bulimus. 
Pupadae.    Vitrina.     Succinea.    Achatina.  ib. 

Order  II.     Aquatic. 

Subdivision  I.     Body  protected  by  a  shell. 

Tribe  I.    Shell  spirally  twisted. 

A.  Shells  turreted.     Lymneus,     Physa.    Apkxa.         460 
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B.  Sfaelb  depressed.    Planor|>is.    Sqgrmentuia.  4>62 

Tribe  II.    Shell  eonical.    AimjIus.  463 

Subdivisicm  II.    Body  destitute  of  the  protection  of  a 

shell.    Feronia.  .  .  .  ib. 

Class  II.— Branchifera. 
Order  I.     Branchiae  externaL 

Tribe  I.    Branchiae  exposed. 

A.  Branchise  issuing  from  the  cloak  dorsally. 

1.  Body  exposed,  and  destitute  of  a  shell. 

a.  Doris,  Polycera.   6.  Tergipes,  Tritonia,  Montagna. 

Eolida,  Scyllesa,  Glaucus,  Thethys.  466 

2.  Body  concealed  in  a  spiral  shell.     Valvata.  472 

B.  Branchiae  issuing  laterally  from  between  the  cloak 

and  foot 

1.  Body  with  a  shell.  Cyclobranclaa,  Patella,  Chi- 
ton, Chitonellus.  .  .  475 

S.  Body  naked.    Inferobranchia,    Phyllidia,  Diphyl- 

lidia.  476 

Tribe  11.  Branchiae  simple,  and  concealed  when  at 
rest  under  a  lid.     Tedibranchia. 

A.  Head  furnished  with  tentacula. 

1.  Tentacula  four  in  number,   a.  Aplysia,  Notarchus. 

6.  Dolabella.  477 

2.  Tentacula  two  in  number.     Pleurobranchus.        •     466 

B.  Head  destitute  of  tentacula.     Bulla,  Doridium.        48$ 

Order  II.     Branchiae  Internals 

Subdivision  I. 

Heart  entire,  and  detached  from  the  rectum. 

Tribe  I. 

Shell  external. 
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A.  Aperture  of  the  shell  entire. 

1.  Aperture  of  the  shell  dosed  by  « lid.    Turboiiid«. 

Neritads.    Trochusidae.  488 

2.  Aperture  of  the  shell  exposed.   Janthina.  Velutiiu.    489 

B.  Anterior  margin  of  the  aperture  of  the  shell  canali- 
culated. 

1.  Shell  convoluted.    Cypreads.     Ovulads.     Volu- 

tads,  .  .  490 

S«  Shell  turreted.    Buccinidae.   Muriddas.  Cerithiadss. 

Strombusidae.  49I 

Tribe  II. 

Shell  internal.    Sigaretus.  ib. 

Subdivision  II. 

Heart  traversed  by  the  rectum. 

Tribe  I.    Shell  ear-diaped. 

Halioddae^  Haliotis,  Padola^  Stomatia.  492 

Tribe  II.    Shell  conical. 

Crepiduladse.    Capuluside.     Fissurelladfle.  494 

Division  II. — Mollusca  Acephala. 

Section  I.— Acephala  Coyichifera. 

Order  I.     Brachiopoda. 

Subdivision  I. 

Shell  supported  on  a  fleshy  peduncle. 

Lingula.    Terebratula.  496 

Subdivision  II. 

Shell  s^^e.    Criopus.  •  499 

Order  II.     Bivalvia. 

Description.    Ligament.    Musdes.   Syphons.  Byssus. 

Foot     Crystalline  process.     Pearly  .      499 
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Subdkiskm  L    Cloak  open. 
Tribe  I.    Valves  dosed  by  one  adductor  muscle. 
Pectenide.    Ostreadae^ ,  .  . 

Tribe  11.    Shell  closed  by  two  adductor  muscles. 
Avicularia.    Meleagriiuu    Pimia.    Arcadse, 

Svbdkmon  IL    Cloak  more  or  less  closed,  forming  sy» 

phons. 
Tribe  I. 
One  syphon.    Mytilusidae.    Uniodae.    Cardita.    Vene* 

ricardia  and  Crassatella, 

Tribe  II. 

Cloak  closed  posteriorly,  and  anteriorly,  forming  three 
apertures.     Tridacna  and  Hippopus, 

Tribe  III. 

Anterior  opening  large.    Chama.    Cardium.    Donax. 
Tellina.    Venus.    Mactra, 

Tribe  IV. 

Anterior  opening  smalL  Mya.  Solen.  Pholas.  Teredo, 


Page. 


504. 


505 


505 


506 


506 


507 


Section  II.     Acephala  Tunicata. 


Subdwisian  I.    Interior  tunic  detached  from  the  external 
one,  and  united  only  at  the  two  orifices. 

Tribe  I. 

Body  permanently  fixed  to  other  bodies. 

A.  Simple  animals. 

1.  Apertures  furnished  with  four  rays.   Boltenia.     Cy- 

nthia.    Caesira.     Styela.     Pandocia. 

2.  Apertures  with  indistinct  rays  of  more  than  four. 
Clavelina.    Pirena.    Ciona,     Phallusia 

B.  Compound  animals. 
Branchial  orifice  radiated. 

a.  Branchial  and  anal  orifices,  with  six  rays. 
Diazona.     Polyzona.     Sigillina. 


509 


511 


512 
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6.  Branchial  orifice  only  famished  with  aix  rajs.  Sy- 
noicum.  Sydneiun.  Polydinum.  AlpJdium.  Di" 
demnum.  .  513 

II.  Branchial  orifice  simple. 

BotiylliuB.     £uclseiu]n.  .  515 

Tribe  II. 

Body  free  and  moving  about  in  the  water. 

Pyrosoma.  5l5 

StibeUmtion  II.    Interior  iunic  adhering  ikrotigkaui  to 

the  external  <me     Salpa.  .517 

Preparation  of  Molluscous  Animals.  ib. 

11. 

ANNULOSA. 

General  characters,  -        518 

Subdivision  I. — Annulose  Animals  with  aiu 

TICULATED  LIMBS  I>Oa  LOCOMOTION. 

General  characters.  Skin.  Muscles.  Head.  Trunk. 
Thorax,  thoracic  sternum.  Breast,  scutellum,  pec- 
toral sternum.  Abdomen.  Members,  wings,  elytra 
poizers,  legs.  Nervous  system.  Eyes.  Antenns. 
Masticating  organs.  Gullet  Dorsal  vessel.  Sug- 
mata.  Trachea.     Ovipositor,  larva,  pupa,  imago.   .     51 9 

Order  I. — With  Branchial  Aerating  Organs. 

Section  I.— Malacostraca. 

Tribe  I.     Podophthalma. 

A.  Brachyura.  Lambrus.  Corystes.  Portumnus. 
Mantua.  Cancer.  Pilumnus.  Pinnoteres.  Ocy- 
pode.   Graspus.     Homola.     Dorippe.     Eurynome. 
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Piga.      Maja.      Egeria.     Hyas.    Lithodes.    Ina- 
chu8.     Macropodia.    Leptopodia.    Lencosia.  547 

B.  Macrowa,  Paguros.  Scyllaras,  Palinunu.  Pto- 
ceUaria.  Gebea.  Astacus.  Gnakgon.  Atya.  Pan- 
dalus.    Paneus.     Palaemon.    Mjm.    Nebaiia.  550 

Tribe  II.    Edriophthalma. 

Phronyma.  Talitras.  Atylus.  Dezamine.  Melita. 
Gammarus.  Podocenu.  Corophiuni.  Prdto.  L»- 
runda.  Idotea.  Anthuia.  Gunpeopea.  Cymo- 
dice.  ^ga.  Eurydice.  Apseudes.  Janira  Jsera. 
Ligia  Philoscia.     Porcelllo.     Armadillo.  -         552 

Section  II. — Ektomostbaca. 

Division  1.  Limulus.  Apus.    Argulus.     Cecrops.    ^. 

Lynceus.  Cypris.    3.  Cyclops.     4.  Branchifipoda.  554 

EpizaoruB.    Chondrocanthus.                .  556 

Podowmata,     Pycnogonum.  ib. 

Order  II. — ^With  Pulmonary  Aerating  Or- 
'  gans. 

Section  I.     Head  destitute  of  Antennae. 
ARACHNIDA. 

Tribe  L     Lungs  in  the  form  of  lateral  sacs. 

A.  Palpi  bearing  the  male  organs  in  the  last  joint 

1,  Mandibles  with  three  hooks  folded  transversely. 
Segistria.     Scytodes.     Linyphia.     Sparassus  Ctenus. 

Eresus.  556 

2.  Mandibles  with  their  hooks  folded  ventrally. 

Mygale,  Avicularia^  Atypus^  Eriodon.  557 

B.  Palpi  large,  unconnected  with  the  sexual  organs. 

1 .  Abdomen  pedunculated.    Thelyphonus,  Phrynus,      557 

2.  Abdomen  sessile. 

SoHrpio,  Buthus,  .         ib. 
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Tribe.  IL     Lungs  iracheoL 

A.  Thorax  and  abdomen  diBtinct 

Solpiiga,  Chellfer^  Oblsium.  558 

B.  Thorax  and  abdomen  united. 

I.  Mandibles  distinct     «.  Phalangium.     6.  Tio* 

gulus.  .      ib. 

II.  Mandibles  indistinct    a.  Ixodes,  AiguSy  Aca- 

rusy  Erythraos,  Hydrachna.    b.  Cans  ib. 

Section  II.     He^  furnished  with  antenne. 
I.  INSECTA. 
Principles  of  arrangements,  Swammexdam,  Linnaeus, 

Fabricius.  *  .  ib. 

I.  Insecta  Mandibulata. 

Order  I. — Coleoptera. 

General  charactera.  560 

1.  Cleoptera  Pentamera. 

Pentamera  Camivora. 

Camivora  terrestria.    Cicindeladae.  Carabidae.  * .    562 
Camivora  aquatica.    Dytidds.    Gyiineds?.       .    564 
Pentamera  Microptera. 

L  Head  exposed.    Staphylinide,  Oxyporidse.  565 

2.  Head  sunk  in  the  thorax.     Lomediusidae,  Tachi- 

nidff.  ....         566 

Pentamera  Serricomua. 

a,  Elateridae,  Buprestids,  Melasidae.  b.  Lymoxy- 
lonidae,  Mastigoidse,  Malachiusids,  Melyridse, 
Clenisidff.  c.  Ptinusidie,  Anobiumede.  <L  Ce- 
brionidae,  Lampyridae,  Telephoridae.  ib. 

Pentamera  Clavicomua. 
Dryopsidce,  Histerids,  Byrrhidae,   Dermestids,  Niti- 

dulidsB,  Silphids-  .  .  567 
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Pentamera  PalfMoomua. 
Hjrophilids^  Spheridiada?. 

Pentamera  Lamellicornua. 

Lucanidsy  Copnds>  Geotnipids>  Scarabeidc,  Melo- 
Icmthade,  Gkphjnridae,  Trichiadae. 

Coleoptera  Heteromera. 

a.  Rhinomaoerids.  h.  Pyrochroide,  Mordelladff, 
Tetraonixy  Mylabridae,  Cantharidae.  c.  Tenebrio- 
nidSy  ErodiuBidse^  Scaunisidae,  Asidade,  Blapai- 
ds.  d.  Melandriads^  Helopsida?^  Heleads,  Dia- 
peridie,  Leioderidae* 

Coleoptera  Tetramera. 

a.  Bnichiu.  6»  Curculicmide^  Brentusidae^  Erotyla- 
tidK,  Cerambiddse,  Chrysomelinida?.  c.  Myoeto- 
phagidsj  Bostrichide^  Scolytuddae. 

Coleoptera  Trimera. 
Coednellidie,  Endomychidae. 

Coleoptera  Dimenu 
CkiTiger,  Pselaphas, 


Page. 
568 

569^ 


ib. 


571 


57e 


57S 


Order  II. — ^Dennaptera. 
Fcnrficala.     Labia.    Labidura. 

-Order  IIL— -Orthoptera. 

a.  Wings  roof-b'ke  when  at  rest  Locustads,  Achetadse.  575 

b.  Wings  horiaontal  when  at  rest    Gryllids^  Blatta, 

Mantjdg.  574 
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Order  IV. — ^Neuroptera. 

a.  Anntense  about  the  length  of  the  head. 

Libelliilad»^  Ephemerads.  575 

6.  Antennas  longer  than  the  head.     Panorpads,  Myr- 

melionidoe,  Tennesidfl?,  Hemerobiadae,  Perlads,        575 

Order  V.     Trichoptera. 
Leptoceride,  Phryganidap^  576 

Order  VI.     Hymenoptera. 

1.  Hymenoptera  terebrantia.  Chrysidae,  Oxyuridae, 
Ichneumonidae^  Evaniada?^  Cynipsidas,  Diplolepi- 
dae,  SirexidflBj  Tenthredadas.  576 

2.  Hymenoptera  aculeata.  Formicadas,  Mutillada?, 
Scoliada?^  Sphexids»  Maaarida^,  Vespadae^  Apidas, 
Systropha^  Andrenadae.         -  -  577 

Order  VII.     Strepsiptera. 
Stylops^  Zenos.  479 

II.   Insecta  Haustellata. 

Page. 
Order  I. — Hemipteba. 

1.  Hemiptera  h^teroptenu    a.  Terrestrial^  as  Pentato- 
madas,    Corddae,    Reduyiadae^     Acanthidss.      Ih'    > 
Aquatic,  as  Hydrometridae,  Nepadae,  Notonectade.     580 

6.  Hemiptera    homoptera.       Cicadiadae,   Fulgoradae, 

Cercopidae,  Aphisidae,  Coccidae,  .  581 
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Order  II.— Lepidoptera. 

1.  Lepidoptera  diurna.     Papilionidae,  Hesperiadte.  5S2 

2.  Lepidoptera    crepuscularia.  Glaucopids^  Zygena- 
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1  HS  contemplation  of  the  worics  of  Goi>,  as  exhibited  in 
the  material  worM^  forms  one  of  the  most  suitable,  gra- 
tifying)  and  useful  employments  of  his  rational  creatures. 
These  works  present  themseWes  to  our  nodce  under  dif- 
ferent Bgpects,  and  require  the  employment  of  various  me* 
thods  far  their  examination.  The  results  of  these  inresti- 
gations  constitute  the  different  branches  of  Natural 
Science. 

The  examination  of  the  forms,  magnitodes  and  motions 
of  the  heavenly  bodies,  is  the  peculiar  business  of  the 
Jsironomer.  In  the  prosecution  of  his  object,  he  employs 
measurement  and  calculation,  for  the  purpose  of  discover- 
ing the  laws  by  which  the  celestial  phenomena  are  regulated. 
The  brings  which  constitute  this  terraqueous  globe,  are 
subject  to  various  changes,  in  consequence  of  their  mu- 
tual actions  on  one  another.  These  the  Experimental  Phi- 
losofdier  professes  to  investigate.  When  the  actions  here 
referred  to  are  accompanied  with  obvious  motions,  but  do 
not  produce  a  permanent  change  in  the  constitution  of 
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those  bodies  subject  to  thar  influence,  they  constitute  those 
phenomena  which  the  sdence  of  Ifakiral  PJiUotophgf  pro- 
fesses tp  examine  and  explain.  The  instruments  of  in- 
vestigation eipployed  in  this  department,  like  those  of  the 
astronomer,  are  measurement  and  calculation,  aided  by 
experiment  When  the  actions  which  take  place  among 
bodies,  produce  a  permanent  change  in  their  constitution, 
unaccompanied  with  motions  which  admit  of  measurement, 
they  are  considered  as  beloDging  to  the  Science  of  Che- 
miHry.  £;^rimetit  is  the  only  instrupient  of  investiga- 
tion which  can  be  emidoyed  with  safety  in  this  depart- 
ment. 

When  the  beings  which  constitute  this  terraqueous  globe, 
fre  conadared  as  related  to  one  another,  exhibiting  par- 
ticular forms,  and  adapted  by  their  structure  to  the  situa- 
tions in  which  they  are  placed,  they  are  r^;aided  as  the 
subjects  of  the  Naiural  Hisiarian.  The  establishment  of 
a  Sjfeiem  of  Naiure,  to  which  all  his  labours  are  directed, 
can  only  be  completed  when  all  the  creatures  of  the  gbbe 
Aail  have  become  known,  and  their  mutual  connectioiis 
ascertained.  Observation  is  the  peculiar  instrument  of 
research  which  he  employs. 

All  these  sciences  mutually  explain  and  illustrate  one 
another.  The  doctrines  of  the  one  are  often  emplojred 
with  success,  to  sdive  the  difficulties  which  occur  in  the 
other;  and  the  instruments  of  the  one  may  be  substituted 
fiir  those  of  the  other,  in  particular  circumstaiices,  with 
the  happiest  results. 
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CHAP.  I. 

out  THB  pITISION  OF  NATURAL  OBJECTS,   AND  THE  FEClTw 
LIA&  CHAEACTXBS  OF  INOEGAKIC  BODIES* 


JLhs  olgects  which  present  th^smselyes  to  Ihe  notice  of 
the  Natural  Historian,  on  the  sur&ce  of  th|s  globe,  exhibit 
innumerable  varieties  of  form,  structure,  actipn  and  poo^ 
tion.  But,  however  diversofied  in  appearance,  they  readily 
admit  of  distribution  into  various  groups,  each  including 
numerous  species,  capable  of  &rther  arrangement  into  sub^ 
ordinate  tribes.  The  most  extensive  of  these  groups,  are 
two  in  number, — the  one  called  the  Obganized, — tl^e 
other  the  Inouganic  Sangdom.  The  limits  which  sepa- 
rate these  two  divisions,  are  so  well  defined,  that  the  dis- 
tinction has  been  universally  reodved. 

Philosophers  and  poets^  in  all  ages,  have  been  anxious 
to  point  out  a  certain  gradation  of  perfection  in  earthly 
objects,— *-^  CHAIN  OF  BEING,  the  links  of  which  oonast 
of  all  ci]pated  beings,  passing  by  insen^ble  degrees  from 
the  amplest  to  the  mofst  complicated,  aod  consdtuting 
one  harmonious  who]je,  unbroken  and  dependent  Crys- 
tallization, they  say,  is  the  highest  link  of  the  inani-r 
mate  part  of  the  chain,  and  connects  the  Mineral  with  the 
Vegetable  Kingdom.  The  lichen  which  encrusts  the  stone, 
is  but  one  step  higher  in  the  scal^  of  bong  than  the  stone 
itself.     The  mushrooms  and  corals,  form  ^  bond  of  union 
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between  the  Vegetable  and  Animal  Kingdoms ;  and  the  vast 
interval  by  which  Man  is  separated  from  his  Maker,  is  occu- 
pied by  different  orders  of  superior  intelUgences. 

All  this  appears  at  first  aght  plausible,  and  in  some  re- 
spects in  conformity  with  those  arrangements  of  Nature 
which  we  witness  taking  place  in  the  subordinate  diviflians 
of  animated  beings.  But  when  we  examine  attentively  the 
characters  which  distinguish  inorganic  from  organized  he^ 
ings,  and  animals  from  vegetables,  we  perceive,  at  once, 
that  there  are  intervening  chasms  by  which  different  parts 
c^  the  chain  are  separated ;  nor  can  the  most  acute  ob- 
server detect  on  either  side  the  remaining  portions  entire, 
altliough  he  may  be  able  to  collect  a  few  fragments  and 
disjointed  links. 

I.  Independence  of  the  d^erent  parts  tf  Itiorgamc  Be- 
tTi^.— The  different  parts  of  an  inorganic  body  enjoy  an  in- 
dependent existence,  while  the  parts  of  a  body  belonging  to 
the  organized  kingdom,  depend  on  their  relative  situation 
for  the  continuance  of  their  structure  and  properties.  The 
value  of  this  distinctive  mark  will  appear  more  obvious 
by  the  following  examples.  If  we  remove,  from  a  bed  of 
basalt,  one  of  the  jointed  columns  of  which  it  ccMisists, 
neither  the  bed  nor  the  column  suffer  by  the  disjunction ; 
and  the  latter  retains  the  same  form  and  structure  as  be- 
fore the  separation.  If  the  joints  be  divided  from  one  an- 
other, each  joint  iviU  continue  to  preserve  its  character,  al- 
though no  longer  in  connection  with  those  of  which  the 
column  ori^ally  consbted.  If  the  joint  be  split  into  a 
number  of  pieces,  each  fragment  will  be  found  to  preserve 
its  form  and  structure  as  permanently  as  the  concretion 
from  which  it  was  detached.  How  widely  different  are  the 
appearances  exhibited  by  an  organized  body,  when  sub- 
jected to  nmilar  treatment ! 
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When  we  pull  off  a  branch  from  a  tree,  the  stem  itself 
is  injured^  while  the  detached  portion  speedily  exhibits  a 
change  in  every  sensible  quality.  The  leaves  wither  and 
drop  oflT,  the  pliant  twig  stiffens,  and  the  fresh  bark  as- 
sumes the  appearance  of  a  shrivelled  crust.  Changes 
equally  obvious  present  themselves  when  a  limb  is  sepa- 
rated from  the  body  of  an  animal.  Putrefaction  soon  re- 
duces part  of  it  to  earth,  and  disengages  the  remainder  in 
air. 

In  all  these  circumstances  we  find,  that  the  ^instant  the 
parts  of  an  organized  being  are  separated,  a  destructive 
process  commences,  to  which  there  is  nothing  analogous  in 
the  mineral  kingdom.  The  bodies  which  formerly  at. 
tracted  one  another,  and  in  their  combinations  exhibited  to 
U6  the  finest  forms,  and  executed  the  most  complicated 
movements,  no^y  appear  to  repel  one  another,  and  hasten 
to  have  the  bond  of  union  dissolved.  This  character, 
therefore,  which  we  have  now  stated,  independent  of  any 
other,  is  sufficient  to  point  out  the  magnitude  of  that  inter- 
val which  separates  the  inorganic  from  the  organized  king- 
dom,  and  divides  the  living  from  the  dead. 

II.  Permcttunce  of  Inorganic  Bodies. — If  we  take  a  sa^ 
line  mixture,  and  induce  crystallisation,  symmetrical  bodies 
are  obtained,  which  are  conadered  as  the  most  per- 
fect models  of  inorganic  existence.  These  crystals,  of 
whatever  aze,  would  continue  to  exhibit  the  same  form 
and  structure,  unless  acted  upon  by  some  external  force  of 
alchemical  or  mechanical  kind.  Within,  every  particle  is 
in  itsprcyper  place,  nor  does  there  exist  any  power  to  alter, 
increase  or  diminish.  But  the  case  is  widely  different  with 
oi^amzed  bodies.  They  acquire  definite  forms  and  struc- 
tures, which  are  capable  of  resisting  for  a  time,  the  ordi- 
nary laws  by  which  the  changes  of  inorganic  matter  are  rc^ 
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gulated.  Internally,  however,  there  is  no  reit  From  the 
period  that  the  existenoeof  the  plant  or  aniinal  oonunencee, 
to  the  day  of  disaolutian,  there  is  no  stationary  point.  In- 
crease and  decay  sueoeed  by  tbms.  Youth  fiJIows  inCvu- 
cy,  and  maturity  precedes  age.  Itisthus  withthemuahrooni 
and  the  oak,-^with  the  mite  and  the  elephant^^-Jife  and 
death  being  eommoii  to  all  of  them. 

III.  IfUegunUtUdUiincUveqfOrgainhtedBodki.'^The 
substance  of  a  iltone  at  a  crystal,  is  the  sameat  the  sur- 
face  and  the  centre.  Minerals  possess  no  covering  to 
defend  them  from  external  mjuries,  and  preserve  their 
form.  When  they  increase,  it  is  by  the  addition  of  mat- 
ier  to  their  surface ;  when  they  decrease,  it  is  by  the  ab- 
straction of  the  exterior  particles.  But  oiganized  bodies 
are  enveloped  in  a  covering  which  differs  in  structure  ftom 
the  parts  within,  which  defends  those  parts  (rom  the  ao- 
don  of  external  agents,  and  which  b  susoeptiUe  of  exten- 
aon  and  ocmtraction.  The  increase  of  rise  is  produced  by 
the  addition  of  particles  to  the  interior,  and  an  enlar]ge- 
ment  of  thb  integument.  A  diminution  of  suie  takes  {dace 
fhnh  the  removal  of  particles  fitm  the  interior,  and  a  tdn* 
tequent  contraction  of  the  covering. 

Wfere  it  necessary,  many  characters  besides  those  which 
have  been  enumerated,  might  be  exhibited,  as  distinguidi- 
ing  the  inorganic  from  the  oifganized  kingdoih.  The  indi- 
viduals  belonging  to  the  former  do  not  require  noiurisfa- 
nient  ind  a  suitable  temperaturia,  neither  do  they  possess 
a  drculating  system.  Animals  and  vegetables,  on  the 
other  hand,  stand  in  need  of  a  supply  of  food  aiid  air,  and 
'  a  suitable  temperature,  for  the  cohtinuance  o^  thor  elds- 
tence,  and  are  nourished  by  particles  prepared  in  appro- 
|)riate  orgaris,  and  conveyed  by  peculiar  vessels.     Inor]ga- 
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nic  bodies  can  nather  boast  of  yoiith  nor  age,  parent  nor 
chad;  wfaik  oi|;ani2ed  bodies  bave  the  power  of  iqprodue- 
tion  as  weD  as  tbe  tendency  to  decay. 

Sodi  are  the  charttcten  by  wbidk  inorgamc  and  oiganis- 
ed  bodies  may  be  distinguished,  as  constituting  the  two 
great  and  primary  classes  of  natural  objects.  Let  us  now 
direct  our  attenticm  to  the  structure  of  the  (Kganised  king- 
dom, for  the  purpose  of  ascertaining  those  subordinate  di- 
viflions  of  wfaidi  it  is  susoeptiUe; 


CHAP.  II. 

ON  THE  PECULIAR  CHARACTERS  OP  ORGANIZED  BODIES. 

J.  HX  infinite  variety  of  species  which  constitute  the  orga- 
nized kingdom,  possess  many  ccnnmon  properties,  indepen-* 
dent  of  the  remarkable  difierences  which  they  exhibit  iii 
their  structure  and  appearance.  By  attending  to  these  corns' 
mon  properties,  we  shall  be  aUe  to  discover  some  of  the 
qualities  of  that  prindlple  to  which  they  owe  their  charac^ 
ter,  imd  by  which  ihsat  arrangements  are  regulated. 

AH  organized  boditt  consist  of  Solids  and  Fluids.  The 
fonner  exhibit  die  appearance  of  fibres  or  laminae,  of  which 
cells  and  tubes  are  constructed,  destined  to  ccmtain  the  fluids. 
These  solids  and  fluids  are  very  differratly  alrranged  in  thd 
Affiarent  classes  bf  organized  being,  although  amilar  in  in. 
dividuals  of  the  same  spedes. 

I.  The  Characters  of  ihe  VUal  /VMcipfe.-^When  we* 
examine  a  plant  or  an  animal  as  near  to  the  ori^  of 
its  existence  as  posable,  we  witness  its  embryo  or  germ^ 
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tmaU-indeed,  but  pooocMing  a  pernor  cifiable  of  dovdcp- 
iDg  iu  BuooettiiMi  the  destined  pheoomeDa  of  eyirtfiiw. 
By  meiois  of  this  powers  the  germ  is  aUe  to  attract  towards 
it  particles  of  inanimate  msttter,  and  bestow  on  them  an  ar- 
rangement widdy  different  from  that  which  the  laws  of 
chemistry  and  mechanics  would  jiave  assigned  them*  The 
same  power  not  only  attracts  these  particles  and  presorves 
th^m  In  their  i^ew  situation,  but  is  continually  oigaged  in 
removing  those  which,  by  thdr  presence,  PHgl^  prevent  or 
otherwise  derange  its  operations. 

1.  Limited  in  its  powkr. — ^But  there  is  a  limitation 
of  tliis  power  in  the  exerdse  of  its  functions,  to  the  pro- 
duction of  a  body  of  a  certain  magnitude,  form,  structure, 
.oompoation  and  duration. 

A.  Magnitude.-^In  each  particular  swedes,  it  is  re- 
stricted in  its^orts  to  the  production  of  a  bong  of  a  de- 
terminate me.  When  this  aze  has  beep  attained,  some- 
tynes  by  a  slow,  sometimes  by  a  more  n^pid  growtti^  die 
body  remains  for  a  time,  as  it  were,  stationary  as  to  l)ylk. 
The  absorption  and  ejection  beiqg  equal  and  oppoai)te, 
counterbalance  each  other.  There  is  a  proportion  Vk^ 
wise  preserved  between  all  the  jparts,-»between  the  roots 
and  the  stem,— the  .limbs  and  the  trunk. 

B.  /"orrn.— -In  each  qiedes,  this  pow^  is  ifestrioted  to  a 
(determinate  form.  Hence  it  i%  ^that  ,the  e^itemal  shape 
being  the  same  in  all  individuab  of  tb^  same  speaeu,  it 
becomes  an  easy  matter  to  recognize  theixi.  The  seed  of 
a  firrtroe  never  expands  into  the  shape  of  the  ash,  nor  does 
t]ie  ger^i  of  (I^  sheep  evolve  the  appearance  of  the  ox.  In 
the  various  stages  of  their  existence,  certain  oi^ganized  be- 
ings are  destined  to  undergo  a  variety  of  changes  in  nxe 
^d  shape ;  but  these,  however  complicated  or  nun^ero^s, 
^1  pave  the  way  fqr  the  assumption  of  the  denned  forms 

jof  the  ixidividual.     In  couscquence  of  tlie  uniformity  of 
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these  operations^  ire  can  predict  with  certainty,  that  fW>m 
the  mall  egg  of  the  butterfly  diall  burst  forth  the  destruc- 
tive caterpillar ;  that  this,  in  its  turn,  shall  appear  a  dor- 
mant pupa,  and,  in  due  time,  assume  the  elegant  form  and 
variegated  odours  of  the  sportive  imago. 

C.  Simchtre.'^This  same  power,  which^  is  restricted  as 
to  the  form  and  size  of  the  bang  it  is  destined  to  con- 
struct^  is  likewise  r^ulated  with  r^ard  to  Hmcture,  Thus 
the  germ  of  the  palm-tree  is  destined  to  produce  a  stem, 
which  shall  increase  by  the  addition  of  matter  on  its  cen- 
tral aspect,  and  the  fibres  or  nerves  of  whose  leaves  shall 
be  arranged  nearly  in  straight  lines.  The  germ  of  the 
oak,  on  the  other  hand,  is  destined  to  construct  a  trunk 
which  shall  increase  in  size  by  the  addition  of  layers  to 
its  drcumfeienee,  and  the  nerves  of  whose  leaves  shall 
exhibit  a  reticular  arrangement  The  germs  of  animals, 
in  like  manner,  are  regulated  by  similar  laws.  Individuals 
of  ihe  same  species  are  constructed  according  to  the  same 
plan,  and  are  furnished  with  the  same  monbers  and  organs, 
alihou|^  they  differ  more  or  less  from  those  of  every  other 
speaes.  In  diort,  in  each  species  there  is  a  power  capable 
of  producing  all  the  modes  of  that  epecies,  and  iilcapaUe 
o£  producing  diose  df  any  other. 

D.  £WipQBMo».— The  power  winch  organized  bodies 
thuB  possess  of  attcacting  towards  them  the  particles  of 
inorgttitc  matter,  is  not  exercised  indiaainunately.  There 
ia  A  ptiacipleof  adection,  which  diqdays  itself  in  Ae  pro- 
duction of  different  substances  from  the  same  materials. 
The  plants  which  grow  on  the  same  soil,  which  are  nou- 
rished by  the  same  ^water,  and  invigiHnted  by  ihe  same 
temperature,  select  frran  that  soil  the  particles  suited  to 
their  nourishment  But  all  do  not  select  the  same  par- 
ticles. The  wheat,  barley  and  oats,  draw  towards  them 
the  particles  adapted  to  construct  their  respective  systems. 
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The  harUt,  the  sheep,  and  tte  cow,  though  all  feeding  in 
the  flame  field,  and  oonsimiiilg  the  flame  herbage,  sdect 
difierent  particlefl  from  the  same  mafls,  and  iq^propriate 
these  to  the  producticHi  of  their  peculiar  otgana. 

IStVea  the  different  members  of  which  an  oxjgamaed  body 
^consists,  possess  this  power.  From  the  same  circulating 
fluid,  bone,  muscle,  cartilage,  and  fat  are  produced  by  the  se- 
lective agency  of  the  particular  oigans.  In  oDnsequenoe 
of  this  power,  each  species,  and  the  separate  parts  of  each 
qpecies,  have  an  indiiriduali^  of  compositioii  by  which 
4siey  are  diaracterized.  Thus,  within  the  bark  of  the 
oak,  we  confidendy  expect  to  find  wood  of  a  moire  ob- 
viously filxous  structure,  and  of  greater  strength,  than 
underneath  the  bark  of  the  birch-tiree:  and  the  flesh  of 
<the  sheep  has  always  a  different  flavour  from  that  of  an  ox 
tor  a  horse.  Even  the  particles  which  are  secreted  fiom 
ioiganized  bodies,  difiSer  according  to  the  qpedes.  Thus 
ive  find  the  perfume  of  the  rose  different  firom  that  of  the 
idiyme,  and  the  smdl  of  the  herring,  from  that  of  the 
jsmelt. 

£.  JDurolJOfk— The  same  power  which  w^  are  now  con- 
sidering, is  restricted  in  its  action  to  a  determinate  dura- 
ftion.  It  collects  the  different  parddes  suited  to  the  com- 
poflitiGn  of  the  individual,  with  unceasing  industry,  ar- 
ratages  them  with  amawng  regularity,  and,  in  spite  of  nu- 
merous obstacles^  reach^  the  measure  of  the  standard  by 
which  it  is  r^;ilkted.  Pat  a  time  it  appears  stationary,  as 
to  flfibe,  strudture,  and  compositiDn.  By  degrees,  however, 
the  fimcdons  iif  this  power  ami  ezerdoed  with  less  aiergy ; 
the  fluids  decrease  in  quantity^  and  the  solids  become  more 
rigid;  the  prdude  to  the  total  cessation  of  all  its  influ- 
ence over  the  inorganic  matter  with  whidi  it  b  surrounded, 
iand  the  very  organs  which  it  has  ccmstructed. 
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The  term  of  diiradoii  is  very  difierent  in  dilferent  spe- 
ciea.  While  many  mushrocftns  and  insects  are  but  the 
Jbeings  ^^  of  a  summer^s  day,"^  the  stately  oak  and  the  vara- 
^ckms  pike  outlive  centuries.  In  g«aend,  when  the  pres 
Tious  growth  of  an  organiased  body  has  been  sbw,  the  pe- 
riod of  decay  is  protracted  in  propartkm ;  and,  when  ma^ 
turity  has  been  quickly  attained,  decay  as  lapidly  sue- 


5L  Possssssi)  or  ibextability.— There  is  in  this  power 
which  we  are  now  considering^  a  dispontion  to  be  acted 
upon  by  differait  extenial  objects,  and  to  exhibit  the  influ- 
ence wUdi  these  exercise  by  contractile  or  expansive  mov^ 
meats. .  This  faculty  is  tenbed  IrrikMlUy.  It  appears  to 
reside  in  the  fibrous  part  of  ocganised  bodies.  Plants  ex- 
hibit this  powerm  a  very  remarkaUe  miinn^i  upon  expo^ 
sure  to  the  light  of  the  sun,  bending  thdur  stenis,  and  turn** 
ing  their  leaves  in  various  directions,  acoovding  to  the  inten- 
sity and  incidence  of  the  rays.  The  pinnated  leaves  of  cer- 
tain plantsexhibitthesamepower,  when  touched  by  any  «c- 
trwneous  body,  the  various  leaflets  collapsing  in  rapid  su&« 
cession.  This  is  wdl  displayed  in  Mimosa  pfUlica  and  M€nfi> 
jtlioa|Anil&Ja«0fMJIitMi,  and  some  othefs.  HH^Hedjfmmm 
gyrams^  or  Moving  Plant,  as  it  has  been  termed,  exhibits 
a  motion  in  its  leaves  of  a  still  mbrs  remarkaUe  kind,  re- 
quiring a  very  warm  still  atmosphcsre  for  its  production^ 
The  leaf  is  temate,  and  the  lateral  leaflets  approach  and 
recede  from  one  another,  m  a  manner  irregular  as  to  timd 
and  oo-oporatkm.  But  the  examfile  of  vegetable  irritafaili^ 
which  is  most  accessible  in  this  country,  is  exhibited  by  the 
Barberry-bush.  Sir  Jamks  Edwabd  Smith,  who  first  ob- 
served the  phenomenon,  thus  expresses  himself:  '^  In  this 
(flower)  the  six  stamoui,  spreading  moderately,  are  sheltered 
under  ttie  concave  tips  of  the  petals,  till  some  extraneous  bo- 
dy, ad  the  feet  or  trunk  of  an  iiiiect,  in  search  of  honey^ 
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touches  the  inner  part  of  each  filament,  near  the  bottom. 
The  irritability  of  that  part  is  such,  that  the  filament  imme- 
diately contracts  there,  and  consequently  strikes  its  anther, 
full  of  pollen,  against  the  stigma.  Any  other  part  of  the 
filament  may  be  touched  without  this  effect,  provided  no 
concussion  be  given  to  the  whole.  After  a  while,  the  fila- 
ment retires  gradually,  and  may  again  be  stimulated ;  and 
when  each  petal,  with  its  annexed  filament,  is  fallen  to  the 
ground,  die  latter,  on  bang  touched,  shews  as  much  sen- 
sibility as  ever*.'* 

In  another  British  plant,  the  Ciitus  heRanAemum^  which 
is  very  common  on  dry  rocky  ground,  the  filaments,  when 
touched,  execute  a  motion  the  reverse  of  that  of  the  Bar- 
berry. They  retire  from  the  style,  and  lie  down  in  a 
spreading  form  upon  the  petals.  This  curious  example  of 
vegetable  irritability  was  first  pointed  out  by  Dr  Hopk, 
Professor  of  Chemistry  at  Edinburgh  f . 

In  animals,  this  power  is  displayed  by  all  muscles,  in 
diflerent  degrees  of  int^isity,  producing  directly,  die  va- 
rious Involuntary  motions;  and  indirectly,  those  which  are 
termed  Vduntary.  In  the  former  of  these,  an  action  takes 
place  upon  the  apfriication  of  a  stimulus,  independent  of 
the  will ;  while,  in  the  latter,  the  action  takes  {dace  in  the 
muscle,  in  consequence  of  volition  exerdsed  through  the 
medium  of  the  nerves.  When  the  nerve  of  a  musde  is 
cut  across,  and  direct  communication  with  the  brain  thus 
interrupted,  the  will  ceases  to  exerdse  its  oontroul  over  die 
motions  of  the  fibres ;  but  involuntary  motion,  or  the  pe- 
culiar irritaUlity  of  the  muscle,  oontinues^  in  force. 

By  zoologists  in  general,  the  muscular  fibre  is  rc^^arded 
as  deriving  this  power  from  nervous  energy ;  since,  a»  they 

•  Smitr^s  Introdactlon  to  Botany,  p.  325. 
■f  English  Botany,  vol.  lix.  No,  13^1, 
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suppose,  erery  fleshy  fibre  is  aeodrnpaiued  by  a  nervous 
filament  Henoe  they  conclude,  that  the  peculiar  motions 
of  a  musde,  after  the  secticm  of  its  nerve,  depend  upon  the 
poiticm  of  nervous  pulp  which  it  contains.  By  Hali.eb, 
and  a  few  others,  irritability  is  considered  as  a  quality  of 
the  muscular  fibre  itself;  and  they  adduce  in  support  of 
their  ojnnion,  the  well  known  facts,  that  parts  not  muscu- 
lar  are  not  irritable,  and  that  no  proportion  exkts  betwe^i 
the  degiee  of  irritability  and  the  number  of  nerves  in  any 
part 

If  the  d^;ree  of  irritability  of  any  part  be  not  in  jAopor* 
don  to  die  number  or  the  size  of  the  nerves  with  which  it 
is  supplied,  neither  is  it  in  the  ratio  of  the  number  of  its 
muscular  fibres.  Different  muscles,  in  the  same  animal^ 
poflsess  dissimilar  degrees  of  irritabiiity;  and  the  same 
nmseles,  in  different  spedes,  likewise  vary  in  the  intensity 
of  their  action  under  similar  exctti^g  causes.  It  ia  impps.* 
able  to  form  a  conception  of  irritability,  in  which  the  mus- 
cular fibre  shall  not. constitute  the  essential  part  It  is  the 
only  pcrtion  ctan  organized  body  capable  of  exhibiting  the 
signs  of  its  action ;  and,  by  oonseqpience,  the  only  part  in 
which  we  have  any  ground  to  bebeye  that  it  exists.  The 
nerves,  where  present,  may  excite  to  action  the  muscular 
fil»e,  by  acting  as  stimulants ;  but  the  same  actions  of  am- 
tractioa  and  expansbn  are  peiibrmed  in  animals  in  which 
no  nerves  can  be  traced.  In  those  animals,  which  belong 
to  the  least  perfect  classes,  the  nervous  pulp  is  supposed  to 
be  diSbaed  throughout  the  different  parts,  communicating 
to  the  muscular  fibre  its  susoeptilnlity  pf  irritation.  There 
is  reason,  indeed,  from  analogy,  to  acknowledge  the  pro- 
priety of  the  conjecture  respecting  this  dissemination  of  the 
source  of  nervous  energy  in  the  cases  to  which  we  refer ; 
otherwise^  how  could  the  will  of  those  animals  execute  its 
purposes  in  the  production  of  spontaneous  motion.     But 
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yvfmk  the  museular  fibre  appears  to  be  equally  stiaoeptiUe 
of  irritadon,  when  the  nerves  are  no  longer  vinble  to  our 
senses,  as  when  they  are  aggr^ated  into  perceptible  fila^ 
ments,  we  are  disposed  to  oonsder  the  quality  as  resident 
in  the  fibre  itself.  And  this  opinion  is  confinned,  whei|  the 
attention  is  directed  to  the  irritability  of  the  vegetable 
tribes.  In  this  department  of  the  organized  kingdom,  the 
existence  of  nerves  has  not  been  demonstrated,  nor  even 
p:endered  probable;  yet  the  expanaons  and  contractions 
which  vegetable  fibres  exhibit  upon  the  application  of  ati- 
mulants,  indicate  an  irritability  the  same  in  kind  with  that 
of  animals,  although  its  efi^M^ts  are  not  so  rapidly  displayed, 
at  the  same  time  t^  they  point  out  the  place  of  its  resi- 
dence. 

M.  Lamork,  in  the  introduction  to  his  valuable  woilc, 
<<  Histoire  Naturelle  des  Animaux  sans  Yertebres,*  Paris, 
8vo  1815,  vol.  i.,  refers  some  of  the  movements  which  are 
here  oonadered  as  indicating  the  existence  of  irritability 
in  plants,  to  the  influence  of  the  mechamcal  or  chemical 
powers,  and  others,  to  what  he  terms  viUd  orgasm,  AH 
these  difierent  actions,  howcfver,  occur  in  connection  with 
the  vital  principle,  and  thar  entire  dependence  on  the  laws 
of  inorganic  matter  is  a  gratuitous  assumption.  With  re* 
gard  to  this  orgasm  of  plants,  it  is  identical  with  the  irrita- 
bility of  animals,  and  seems  to  have  been  employed  by  this 
author  as  a  convenient  ambiguous  term,  to  ud  him  in  his 
peculiar  views  of  systematical  arrangement. 

8.  Possessed  of  instinct.— In  the  exerdse  of  those 
various  powers  which  produce  and  modify  the  sdze,  shape, 
structure,  compoation  and  duration  of  orgamzed  bodies, 
there  is  a  more  immediate  reference  to  the  formation  of  the 
individual,  as  it  exists  unconnected  with  surrouncbng  oh- 
jects.  The  power  of  irritability,  on  the  other  hand,  forms 
a  medium  of  communicatiion  not  only  with  the  different 
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parts  of  the  oiganuEed  body,  but  with  eytemal  olg«ct8,  and 
gives  warning  of  the  approach  and  letieat  of  sakitary  or 
noxious  particles.  All  its  movements,  however,  are  of  a 
passive  nature.  But  the  power  which  is  now  to  be  consi- 
dered, though  nearly  related  to  irritability,  is  more  varied 
in  its  movements,  as  it  excites  us  to  act  upon  external  ob- 
jects.    It  is  active,  not  pasdve. 

As  oiganised  bodies,  when  they  b^in  to  enjoy  an  inde^ 
pendent  existence,  require  food  for  their  support,  we  might 
conceive  it  possible  for  a  young  plant  or  imimal,  by  means 
of  the  irritability  of  the  vessels,  and  those  determinate  powers 
which  have  been  enumeraied,  to  arriv^  at  maturity,  in  the  ab- 
sence of  counteracting  agents,  were  the  different  substances 
necessary  for  their  nourishmfsnt,  always  placed  in  contact 
with  the  vessels  fitted  for  theb  reception.  But  the  supply  Kit 
nouridnnent,  even  where  most  abundant,  is  rituated  at  some 
distance.  Besides,  during  ihe  whole  term  of  life,  obstacles 
and  dugers  interrupt  and  desCsoy  the  exercise  of  the  various 
functions.  From  the  form,  size  and  vigour  of  the  living 
bodics  idiich  we  see  aityund  us,  we  may  therefore  infer  tbie 
existepoe  of  a  power  wl^  regulates  the  movements  whi^h 
are  necessary  to  obtain  a  su{^y  frf*  food,  to  remove  or 
counteract  oppoong  obstacles,  and  to  fly  from  impending 
danger,  or  repair  the  injuries  which  it  may  occasion.  This 
active  agent,  which  af^pears  to  be  an  inseparable  com- 
panion  of  organized  existence,  we  venture  to  denominate 
IntHncij  and  shall  now  endeavour  to  point  out  a  few  in- 
stances of  its  oporations. 

A.  Mv^daks  the  Syfpkf  cf  Food,— When  the  seed  of  a 
plant  is  deponted  in  the  soil,  under  circumstances  favour-^ 
able  to  its  germinadon,  the  corde  expands,  and,  from  the 
nouriahnient  furnished  by  the  cotyledon,  evolves  the  m- 
dide  and  the  stem.  The  former  of  tliese  descends  into 
the  earth,  not  aooordxqg  to  the  laws  of  gravitation,  tar  it 
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diaplaces  the  soil,  which  is  spedfically  heavier  tfaui  itsdfi-—- 
while  the  latter  burstis  throu^  its  earthy  coyering,  and 
rises  to  a  determioate  height  in  the  atmoq^ere,  not  in  con- 
sequenoe  of  its  specific  levity,  for  its  denaty  is  greater 
than  that  of  the  circumambient  air. 

As  the  radicle  is  incapable  cf  procuring  nourishment  for 
the  growth  of  the  future  plant,  in  immediate  contact  with 
its  surface,  it  sends  out  from  its  substadce  numerous  fibres, 
which  are  multiplied  in  all  directions  to  search  after  food, 
and  convey  it  to  the  proper  oigans.  The  number  and 
direction  of  these  fibres,  and  the  distance  to  wUch  they 
extend,  are  regulated  by  the  wants  of  the  plant,  and  the 
supply  in  the  soil  The  stem  in  some  plants  rises  unas- 
sisted in  a  vertical  direction ;  in  others,  it  requires  the  sup- 
port of  a  fordign  body,  ot  remains  prdstrate  on  the  ground ; 
and  the  leaves  assume  every  variety  of  aspect  and  position. 

Various  explanations,  intended  to  account  for  the  de* 
scent  of  the  root  and  ascent  of  the  stem,  widely  diffmnt 
from  the  one  to  which  they  are  here  referred,  have  been 
offered  by  different  naturalists.  One  suj^Kises  the  root  to 
be  attracted  downwards  by  the  earth,  and  the  stem  to  be 
attracted  upwards  by  the  sun, — another,  that  the  root  is 
stimulated  by  the  earth,  while  the  stem  is  stinmlated  by 
die  air,  so  that  each  lengthens  in  the  direction  of  the 
greatest  excitation, — and  a  third  ascribes  the  descent  of 
the  root  to  the  wag^t  of  its  watery  juices,  and  the  ascent 
of  the  stem  to  the  buoyancy  of  its  gaseous  secretions. 
But  these  hypotheses,  while  they  fail  in  explaining  the 
phenomena,  many  of  which  have  not  been  contemfdated, 
indicate  in  thdr  authors  a  strong  desire  to  emfdoy  the 
prindples  of  chemistry  or  mechanics  in  the  solution  of  the 
difficulties  attending  the  examination  of  organized  bodies, 
and  a  decided  and  unphilosophical  aversion  to  admit  the 
existence  of  the  vital  principle. 
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Animals,  at  thdir  birth,  pi^esent  neai*ly  tlie  same  pheno- 
mena as  plimts.  When  the  germ  of  the  egg  of  a  fowl,  for 
example,  is  excited  to  action,  it  be^ns  to  arrange  and  con* 
struct  the  different  organs  necessary  for  its  future  exist* 
ence,  from  the  materials  with  which  it  is  surrounded.  It 
then  bursts  forth  from  the  shell.  Nourishment  is  not  now  ' 
in  immediate  contact  with  its  absorbent  vessels ;  so  that  it 
must  employ  its  feet,  bill,  tongue  and  gullet  to  collect  food 
for  the  stomach.  It  accordingly  begins  to  pck  the  grains, 
which  a  mother^s  tenderness  has  provided,  and  executes  the 
various  movements  of  sdzing,  bruising  and  swallowing,  with 
all  the  indifference  and  dexterity  of  a  confirmed  habit. 

A  quadruped,  at  its  birth,  discovers,  with  almost  unerr- 
ing certainty,  the  fountain  of  life,  and  adjusts  its  mouth, 
so  as  to  pump  out  the  milk,  without  being  acquainted  with 
the  properties  of  a  vacuum,  or  the  pressure  of  the  super- 
incumbent air.  In  the  explanation  of  these  phenomena,  it 
will  be  vain  to  eaU  to  our  aid  the  mysterious  powers  of 
gravitation  and  a£Smty ;  for  instinct,  in  these  cases,  exer- 
cises a  controul  over  them,  and  directs  their  influence.  It 
is  equally  vain  to  talk  of  the  pain  arising  from  hunger,  and 
the  consequent  excitement  to  exertion,  in  order  to  satisfy  its 
cravings :  for  the  exertions  themselves  are  predetermined ; 
instruments  are  provided  to  assist ;  and  the  end  is  accom« 
plished  by  the  smallest  quantity  of  labour.  This  instinctive 
principle  may  be  conadered,  therefore,  as  directing  thefirsl 
movemenis  of  every  organised  body,  after  its  kind,  to  pro* 
cure  the  nourishment  necessary  for  its  future  growth* 

But  it  is  obvious,  from  the  Mtuation  in  wfaidi  living  be- 
ings are  placed  on  the  surface  of  this  globe,  that  many  ob« 
stacles  will  obstruct  these  exertions.  Each  species  will  hav0 
to  contend  with  difficulties  peculiar  to  its  fbmij  and  ej^reof 
action.  Were  there  no  power,  therefore,  inherent  in  aii 
organized  body,  enabling  it  to  avoid  and  remove  tliese, 
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life  would  often  be  interrupted  at  its  oommenoedmnt,  and 
few  individuals  would  reach  the  period  of  maturity/  But 
the  same  faculty  which  directs  the  first  movements  of  the 
organized  body  to  obtain  a  supply  of  food^  likewise  assists 
in  removing  orcounteraeting  ofqposing  diiBculiies. 

B.  Obtfiaies  DiJlcuUies.^When  the  roots  of  a  plant, 
spreading  in  search  of  nourishmoit,  meet  with  interruption 
in  their  course,  they  do  not  cease  to  grow,  but  dther  at^ 
tanpt  to  penetrate  the  o{f)o^g  body».  or  to  avoid  it,  fay 
dian^ng  tiieir  course.  Thus,  I  have  rq>eatedly  seen  the 
creeping  root  of  the  TrUicum  repensy  of  Coudi-grsss»' 
which  had  pierced  through  a  potato  that  had  obatnicted 
its  course :  and  eyery  one  knows^  that  the  roots  of  a  tree 
mil  pass  under  a  stime,  widl  or  ditch,  and  rise  again  on  the 
opposito'flkle,  and  proceed  in  their  original  direction. 

The  Shipworm,  Teredo  navaUs,  an  animal  whidi  perfi>. 
liites  wood^  in  order  to  fonar-  for  itself  a  haUtation,  and 
which  is  well  kitowU  as  most  destructive  to  the  timbers  of 
ships  and  harbours,  in  general,  lengthens  its  cell  by  borii^ 
in  the  direction  of  the  fibres  of  the  plank.  Should  it  hap- 
pen  to  meet  with  the  shell  of  another  animal  of  the  same 
find,  <Hra  knot  in  tbem)od^  which  it  is  unable  to  penetrate, 
it  changes  its  course,  so  as  to  avcad  the  obstade j  other  by 
a'^sli^t  curvature,  or  by  reversing  its- original  (fiiectiooL 

When  two  ti^ees  of  the  same  kind  are  planted,  the  one 
in  a  sheltered  and  the  other  in  an  exposed  situationy^  we 
witness  the  display  of  this*  faculty,  now  under  amsH^m^ 
tfon,  in  a  very  remarkable  degree.  The  former  pushes 
forth  its  roots  in  $&  directions^  more  espedifldly  where  there 
is  the  greatest  supply  of  nourishment,-  and  the  highest  tm^ 
perature;  while  thelatter,  which,^wereit  to  act  in  the  SBBiie 
manner,  would  be  speedily  overturned,  multiplies  its  roots 
iathe  direction  of  the  strongest  blasts,  and  these^  acting  like 
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tlie  stays  of  a  ship'^s  mast,  .preserve  the  trunk  in  its  verti* 
cal  position. 

In  like  manner,  the  Aoom-shells  (Baiani),  when  grow- 
ing on  the  firm,  even  surface  of  a  plank  or  shell,  present  a 
regularity  in  the  margin,  and  a  narrowness  of  base,  widely 
different  from  the  irregular  spreading  bottom  of  the  same 
species,  when  seated  on  the  friable  and  uneven  surface  of  a 
rock.  In  the  former  case,  the  shells  are  frequently  of  a 
cylindrical  form ;  while,  in  the  latter,  they  are  uniformly 
approaching  to  conical.  In  a  variety  of  other  cases,  which 
might  be  brought  forward  from  the  Vegetable  and  Animal 
Kingdom,  where  the  obstacles  are  as  various  as  the  beings 
which  eicounter  them,  we  perceive  a  unity  of  purpose,  and 
a  striking  resemUanoe  among  the  means  employed  for  itg 
attainment. 

This  instinctiye  prindple,  while  it  r^;ulates  the  means  to 
be  emfdoyed  in  obtaining  food  and  avoiding  obstacles,  like- 
wise repairs  the  injuries  to  which  organized  bodies  are  lia- 
ble. 

C.  Rep€Ar9  /n/urjef.— Plants  are  exposed  to  a  greater 
variety  of  aoddenta  than  animals.  Destitute  of  tlie  loco* 
modve  faculty,  they  neither  can  fight  for  victoiy,  nor  re-> 
treat  for  safety.  In  some  casev^  it  ia  true,  they  close  their 
flowers,  or  hang  down  their  heads,  to  defend  the  unripe 
poUen  from  the  heat,  the  #ind,  or  the  dew.  But  though 
they  do  not  in  gaia*al  possess  the  means  of  avoiding  inju* 
rieS)  they  are  abundantly  provided  with  the  power  to  re* 
pair  them.  Thus,  when  the  branch  of  a  tree  is  torn  fibm 
the  stem,  the  bari^  accumulates  around  the  wonndi  anid,  in 
tiitae,  coven  the  offisnrive  scar.  The  plants  widi  winch  we 
foftm  our  hedges,  still  live,  though  sadly  mutilated  by  the 
shears,  and  push  forth  afresh  those  branches  and  leaves 
necessary  to  the  continuance  of  Aeir  being.  The  utitity, 
indeed^  of  many  of  our  culinary  vegetables,  such  as  parsley^ 
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Gives  and  cresses,  depends  on  the  displays  of  this  repairing 
power.  But  the  indications  of  its  existence  whidi  have  al- 
ways appeared  to  me  the  most  extraordinary,  are  exhibited 
by  trees.  In  a  jwung  silver-fir,  ( Pinus  picea),  for  exam- 
ple, I  have  seen  the  central  vertical  shoot  cut  off,  so  that  the 
tree  must  have  ceased  to  increase  in  height,  unless  there  had 
been  some  repairing  power,  as  the  lateral  branches  invariably 
expand  in  a  horizontal  direction.  But  one  of  these '  lateral 
branches  has  begun  to  change  its  position ;  and,  by  bend- 
ing itself  upwards,  at  last  assumed  a  vertical  direction,  and 
became  the  leading  shoot  and  trunk  of  that  plant,  of  which 
it  was  formerly  a  subordinate  branch.  It  has  sometimes 
happened,  that  more  branches  than  one  changed  towards 
the  vertical  direction,  and  thus  rivalled  each  other  in  th^ 
attempts  to  repair  the  loss  of  the  original  stem.  . 

Animals,  a&  we  haive  already  stated,  can,  in  many  in- 
stances, protect  themselves  from  accidents,  by  resistance  or 
retreat.  But,  when  wounded,  this  renovating  power  is 
often  exerted  in  an  astonishing  degree,  in  repairing  lacerated 
muscles,  cementing  broken  bones^  closing  ruptured  vessels 
and  supplying  the  loss  of  extravasated  juices.  In  the 
lower  orders  of  animals,  the  loss  of  amputated  parts  ia 
speedily  supplied  by  the  production  of  new  organs,  as  takes 
place  with  the  taib  of  serpents,  and  the  clawa  of  Jobsters; 
or  the  detached  parts,  when  placed  in  favourable  circum-i 
stances^  evolve  themselves  into  separate  and  independent  in- 
dividuals, as  is  the  case  with  the  common  fresh  water  polypus. 

It  would  have  been  easy  to  have  multiplied  examples  of 
the  dispU^  of  this  instinctive  power  in  repairii^  injuries, 
were  those  which  have  been  produced  not  sufficient  to  de- 
monstrate its  existence,  and  mark  the  characters  by  which 
it  is  distii^shed. 

4.  Possessed  of  a  ProcreaHve  Power.— The  power  whicb 
we  have  been  considering,  as  displayed  in  the  arrangement 
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of  the  parts  of  an  orgamzed  beings  and  in  tegidating  the 
motiQiis  which  are  necessary  to  proiHide  -food,  remove  ob- 
stades,  or  repair  injuries,  is  likewise  exerted,  in  a  determi- 
nate manner^  in  each  species  propagating  individuals  of  a 
ramilar  kind.  Without  this  resource,  the  race  would  pe- 
rish with  the  dissolution  of  the  primitive  stock.  It  is  true, 
tliat  the  circumstances  under  which  cn'ganized  bodies  are 
produced,  ane  widely  different  in  the  Vegetable  and  Ani- 
mal Kingdoms,  and  in  :the  subdivisions  of  these  great  tribes. 
But  there  is  at  least  one  point  of  xesemblance.  The  living 
power  is  first  employed  in  the  formation  of  4be  individual ; 
and,  during  the  developement  of  the  several  organs,  the 
parocreative  instinct  is  dormant  But  when  the  organized 
body  approaches  maturity,  there  is,  as  it  were,  an  accumula- 
tion of  vital  energy,  which  gives  birth  to  a  new  individual. 

Tfaefle  different  operations  of  living  beings,  whidi  we 
have  thus  briefly  enumerated,  can  never  be  regarded  as  the 
ef^t  of  their  peculiar  organization.  The  organs  are  formed 
aooordiBg  to  a  unifixrm  and  determined  plan,  from  inorganic 
.  maltec,  collected  from  various  sources,  and  arranged,  acoord- 
ji^  to  the  species,  on  different  models.  By  what  power, 
then,  does  this  organization  take  place  ?  And  what  is  the 
nature  of  that  principle  which  regulates  animated  beings? 

We  have  already  taken  notice  of  the  laws  by  which  it 
18  r^ulated  in  the  constitution,  duration,  and  'Continuanoe 
of  organized  bodies.  These  make  us  acquainted  with  the 
eJosteDce  of  a  principle,  different  from  any  of  those  which 
the  mechanical  or  chemical  philosophers  have  investigated 
with  8o  much  success.  This  power  has  been  denominated 
Tike  Living  or  Vital  Principle ;  and  the  phenomena  which 
it  exhibits,  are  included  in  our  idea  of  Life  or  Vitality. 

This  vital  principle,  then,  so  far  as  appears  to  our  senses, 
can  only  reside  in  organized  bodies.  The  connection  is 
temporary,  and  may  be  dissolved  by  various  circumstances-; 
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•nd  it  i»  capable  of  being  divided  or  multiplied  by  the  prooen 
of  generation.  In  the  various  kinds  oforganizedbodiesy  it  ex- 
hibita  its  different  qualities,  according  to  the  atnicture  of  the 
fabric  which  it  animates;  hence  we  must  conclude,  either 
that  the  same  principle  is  modified  by  the  substances  whidi 
it  pervades,  or  that  there  are  many  different  kinds.  If  we 
adopt  the  practice  of  the  chemist,  when  examining  the  de- 
mentary  bodies,  and  their  comlnnalions,  and  consider  thoae 
substances  distinct  in  kind,  whose  affinities  and  appeanmoes 
are  diiGerent,  we  must  conclude,  that  there  are  different 
kinds  of  vital  principles,  distinguished  by  diffeiefit  aflhiities 
for  the  various  kinds  of  inorganic  matter,  and  fonning, 
.with  these,  combinations,  whose  peculiar  charactois  are  ob- 
vious and  precise.  In  all  organized  bodies,  we  witneis  an 
origin,  progress  and  termination  ;  but,  in  eadi  species, 
these  drcumstances  exhibit  some  peculiarity  which  is  not 
.observable  in  any  other  6pedes.  We  are,  therefore,  led  to 
condude,  that  there  are  as  many  different  kinds  of  vital 
prindples,  as  there  are  species  in  nature.  Hence  all  the 
knowledge  whidi  we  possess  regarding  the  structure  and 
functions  of  different  kinds  of  organized  bongs,  is,  in  fact, 
a  knowledge  of  the  attributes  of  the  different  vital  princi- 
ples from  which  these  have  originated  ;  and  our  systematic 
cal  arrangements,  an  attempt  towards  their  ckssification. 
Even  the  vulgar,  talk  of  the  life  of  plants  as  distinct  in 
principle  from  that  of  animals,  although  they  sddom  carry 
their  views  on  this  subject  so  far  as  to  admit  of  any  inferior 
divisbn. 

II.  Conditions  neceawryjbr  ihe  fMstence  of  Ae  VUai 
PrmApU. — It  is,  doubtless,  a  curious  subject  pf  inquiry, 
to  ascertain  those  conditions  which  are  necesa|uy  to  the 
display  of  this  prindple  of  life,  or  the  circumstances  jyinder 
which  it  is  generated  Gt  excited  to  ^tion.  Our  knowledge 
,of  organized  bodies,  however,  is  stilf  loo  imperfect  to  en- 
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^Ue  «s  to  aoeomplidi  this  task.  It  scaro^y  warrants  us  to 
.hope  that  the  object  is  attainable.  We  know,  however 
that  the  following  ciicumstances  are  invariiddy  presents 
whenever  the  vital  jprinqiple  be^^  to  exhibit  its  ^move^ 
:menfs. 

1.  A  Parm^.-^Previous  to  tbeandepend^t  egdstence  qf 
a.plantfor  anwal,  it  is  necessarj.that  they  shall  have  faciia- 
ed  a  part  of  some  other  body  amilar  to  themselves.  This 
oonditicm  is  ascertaiiied  in  .'so  satisfactoiy  aopaimer,  in  the 
case  of  the  more  perfect  organized  beings,  a^  to  preclude 
the  poBsiUlity  of  a  doubt  There  are,  Jiowei^er,  mmy 
plants  and  animals,  with  whose  manner  of  growth  and 
mode  of  pn^Mgation,  we  are  so  imperfectly  acquainted, 
that  we  must  r^ly  upon  the.  evidence  of  analogy  for  the 
conclusidns  which  we  form  with  respect  to  tbar  ongin* 
But  as  all  the  living  bodies  whoso  history  has  been  stu- 
died unth  care,  have  evidently  participated  in  the  existence 
of  other  living  bodies,  before  they  exercised  thefuncticms 
of  Ufe.f<Mr  themselves,  the  presumption,  that  the  same  kind 
of  generation  takes  place  in  erery.  organized  body,  offers  all 
the  claimsofal^limate  deduction.  Lif?9.then,  may  be 
con^id^rad  as  proceeding  frpm  life,  us  transmiitecl  fiom  one 
individual  to  another,  .and:  as  dating  its  acUial  origin  frotyi 
the  period  when  th^  voice  of  Omli^tepQ^  lUtt^iied  the 
words,  <<  Let  the  £arth  bring  f<»th.'' 

The  anciente,  whose  opinions  respectmg  the -mature  of 
generation  were  necessarily  obscure,  from  the  want  of  pro- 
per  instruments, and  methods  of  observaticm,  considered 
living  bodies  as  produced  in  two  diffeient  ways.  In  the 
iirst,  exemplified  an  the  case  of  .jthe  more  p^ect  animals 
and  v^tables, :tbey  considered  <H*gahized  .bodies  as  pro* 
'Oeeding  from  other  cMrganized  bodies,  by.a-process  which  is 
termed  Univocal  or  Regular  GeneiatioQ.  In  the  second, 
they  sujqposed  that  the  putrefaction  of  ^different  bodie% 
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aided  by  the  influence  of  the  sun,  generated  life  in  the  le» 
perfect  orgauised  beings,  such  as  mushrooms  and  worms. 
This  has  been  termed  Equivocal  or  Spontaneous  Genera- 
tion, and  appears  to  hare  been  devised  by  the  Egyptians, 
to  acooimt  for  the  hosts  of  frogs  and  flies  which  appeared 
on  the  banks  of  the  Nile,  on  the  eblnng  of  its  periochcal 
inundations.  It  was  adopted  by  Aristotls,  and  still  con- 
tinues to  be  supported  by  a  few  naturalists. 

We  have  already  stated,  that  the  origin  of  life  by  uni. 
vocal  generation,  is  demonstrated  by  direct  |xoof  and 
powwful  apalogies.  Nor  is  it  at  all  difficult  to  give  an  ex* 
planation  of  those  appearances  on  whidi  the  whole  fabiic 
of  the  theory  of  equivocal  gaiei'ation  rests. 

In  the  case  of  plants,  some  have  supposed  that  the 
growth  of  the  fungi,  the  mushroom  among  dung,  and 
the  other  paradtical  plants  which  i^ypear  on  putrid  flesh 
and  fruit,  might  be  regarded  as  examples  of  the  truth  of 
this  theory.  But  the  microscope  makes  us  acquaintcxl 
with  seeds  of  these  plants,  and  expenments  prove  that 
these  seeds  are  prolific.  The  characters  by  which  the  dif- 
ferent spedes  may  be  distinguished,  though  minute,  are 
permanent ;  and  individuals  of  the  same  species  appear  in 
a  variety  of  atuatJons,—drcumstances  these,  not  to  be  look- 
ed for,  in  beings  generated  by  corruption,  or  formed  from 
the  fortuitous  concourse  of  atoms. 

The  animalcules  which  make  their  appearance  in  water 
In  which  v^petable  or  animal  substances  have  been  infused, 
seem  at  first  sight  to  favour  this  ancient  doctrine.  But,  in 
these  cases,  the  spedes  have  detaminate  characters,  exhi- 
bit always  the  same  proportion  of  parts,  and  transmit  theb 
\itafity  to  their  descendants,  afler  the  manner  of  animals  of 
larger  growth.  Is  it  probable,  therefore,  that  if  these  ani- 
malcules were  produced  by  the  spontaneous  aggregation 
of  partides  contained  in  these  infusions,  that  they  should 
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be  oontroUed  by  the  same  laws  which  regulate  the  offspring 
of  univocal  generation,  as  to  form,  structure  and  diuration ; 
and  that  the  same  bdngs  should  be  able  to  continue,  by 
transmisfflon,  that  life  which  they  derived  fit»n  aoddent  ? 
The  most  rational  explanation  which  can  be  given  of  the 
appearances  of  these  plants  and  animals,  in  such  places,  is 
derived  from  the  oonaderation  of  the  smallness  of  their 
seeds  or  eggs,  which  may,  be  carried  about  by  the  winds, 
and  showered  down  along  with  the  rains,  so  as  to  enter 
with  fadlity  into  every  situation.  They  cannot,  how^ 
ever,  expand,  unless  in  circumstances  favourable  to 
their  future  growth.  Thus  the  soil,  in  which  alime  the 
beautiful  little  plant  called  Monilia  gtauca  makes  its  ap- 
pearance, is  the  surface  of  putrid  fruit ;  while  the  small 
animal  termed  Vibrio  acetic  requires  for  its  growth,  vinegar, 
which  haa  been  exposed  for  some  time  to  the  air.  This 
view  of  the  matter  is  sdll  farther  strengthened  by  the  almost 
indefinite  length  of  time,  during  which,  certain  seeds  re- 
tain their  power  cS  germinadng;  and  certain  animals,  in  a 
tor^  state,  the  faculty  of  reviviscence. 

We  are  thus  led  from  the  phenomena  whidi  orgamssed 
beings  present,  to  reject  the  theoiy  of  equivocal  genera- 
tion, and  to  admit  the  important  conclusion  of  Harvey, 
JEwv  aoo  omnia.  But  the  manner  in  which  these  eggs  or 
germs  are  produced,  has  furnished  matter  of  curious  spe* 
culation  to  the  physiologist.  By  some,  it  has  been  sup- 
posed, that  the  germs  of  all  the  plants  and  animals  that 
have  been,  or  ever  shaU  be,  in  the  world,  were  really  all 
formed  within  the  first  of  their  respective  kind, — ^to  be 
brought  forth  in  a  determinate  order.  This  Theory  of 
Ex)6bUiony  as  it  has  been  termed,  is  in  a  great  measure  the 
result  of  microscopic  observations,  assisted  by  preconceived 
views.  There  is  one  circumstance,  however,  which  not 
only  receives  no  explanation  upon  the  principles  of  this 
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vtheory,  but  stands  in  opposition,  viz.  the  production  of 
hjfbrkk,  or  the  aSspnng  of  tl^e  union  of  the  mal^s  and 
females  of  difPerent  species  or  genera.  Thus,  in  ihe  caae 
of  the  mule,  the  produce  of  the  ass  and  the  num,  which 
partakes  of  the  qualities  of  both  parents,  it  is  bbvious, 
that  the  pre-existent  germ  of  .the  female  was  more  than 
stimulated  to  life:by  the  sexiid  ummi,— that  its  structure 
was  likewise  changed,  and  that  «11  the  germs  of  its  future 
offSspring  were  likewise  annihilated,  since  mules. are  sddom 
fertile.  It  fails,  likewise,  to  account  for  the  superior  fer- 
lility  of  cultivated  plants  or  domesticated  animals 

Before  dismisnng  this  part  of  our  subject,  it  is  neoessary 
jto  take  notice  of  tho^  facts  illustrative  of  the  origin  of 
organized  beings,  which  have  been  ascertained  by  the  re* 
searches  of  modam  geologists.  In  investigating  tbc  atruc- 
ture  and  composition  of  the  rocks  which  constitute  the 
crust  of  the  earth,  it  is  observed,  that  tbey  endoae  the 
remains  of  animals  or  vegetables,  more  or  less  alterki  in 
thm  texture.  Presupposing  that  those  rock3  on  which  all 
the  others  rest  are  the  most  andent ;  and  after  dividing 
them  according  to  their  age,  as  determined  by  th^  super* 
pontion,  it  has  been  aac^ained,  that  the  <9lganic  remains 
found  in  the  older  rocks  differ  from  those  which  occur  in 
^e  more  recent  strata,  and  that  they  are  all  diflerent  from 
the  plants  and  animals  which  now  exist  cm  the  .fiurfiioe 
of  the  globe.  It  likewise  appeara,  that  the  petiifibctiona 
contained  in  the  newer  stnata,  bear  a  nearer^reseiid>lanoe  to 
ihe  exbting  races,  than  those  which  belong  to  the  rocks  of 
An  older  date.  That  the  remains  of  those  animals  which 
have  always  been  the  companicms  of  man,  are  only  to  be 
found  in  the  most  recent  of  the  alluvial  deposites.  In  the 
older  rocks,  the  impressions  of  the  less  perfect  plants,  such 
as  ferns  and  reeds,  are  more  numerous  than  those  of  the 
dicotyledonous  tribes,  and  the  remains  of  shells  and  co- 
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rak  abound,  while  thore  are  few  examples  of  petiified  fish* 
In  the  more  recent  strata,  the  remains  of  reptiles,  birds 
and  quadrupeds,  occur,  all  of  them  di^ring  from  the 
existing  kinds. 

Attempts  have  been  made  to  account  for  these  circum- 
stances by  supposing,  that  the  present  races,  of  animals  and 
v^etables,  are  the  descendants  of  those .  whose  remains 
have  been  preserved  in  the  rocks,  and  that  the  difierence 
of  character  may  have  arisen  from  a  change  in  the  phyriv 
cal  constitution  of  the  air,  or  the  surface  of  the  earth, 
producing  a  corresponding  change  on  the  forms  of  orga« 
nized  bongs.  The  influence  of  cultivation  on  vegetables, 
of  domestication  on  animals,  and  of  climate  on  man  lum- 
self,  may  be  considered  as  strengthening  the  conjecture. 
But  there  are  several  difficulties  which  present  themselves 
to  those  who  adopt  this  ojnnion.  The  effect  of  cdrcum* 
stances  on  the  appearance  of  living  beings,  is  circumscri- 
bed within  certain  limits,  so  that  no  transmutation  of  spedes 
was  ever  ascertained  to  take  place ; — and  it  is  well  known, 
that  the  fos^  spedes  differ  as  much,  nay  more,  fr9m  the 
recent  kinds,  as  these  last  do  from  one  another.  It  re- 
mains, likewise,  for  the  abettors  of  this  opinion,  to  connect 
the  extinct  witii  the  living  races,  by  ascertaining  the  inter- 
mediate links  or  transitions.  This  task,  we  fear,  will  not 
be  executed  speedily. 

There  is  yet  another  view  of  the  matter  which  suggests 
itself  If  the  seeds  of  some  plants,  and  the  eggs  of  certain 
animals,  be  so  minute  as  to  be  excluded  with  difficulty 
from  any  place  to  which  air  and  water  have  access,  and  if 
they  are  capable  of  retmnmg,  for  an  indefinite  length  of 
time,  the  vital  prindple,  when  circumstances  are  not  fa-* 
vourable  to  its  evolution,  the  crust  of  the  earth  may  be 
considered  as  a  mere  receptacle  of  germs,  each  of  which  is 
ready  to  expand  into  vegetable  or  animal  forms,  upon  the 
occurreuce  of  those  conditions  necessary  to  its  growth. 
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Aooording  to  this  view,  the  genns  of  the  ferns  and  pabns 
first  expanded  their  leaves,  and  afterwards  those  of  the  sta- 
minifierous  v^tables.  With  r^ard  to  animals,  it  may  be 
supposed  that  the  germs  of  the  zoophytes  only,  were  first 
disclosed ;  afterwards  those  of  the  testaceous  moUusca ;  and, 
finally,  those  of  the  vertebral  animals :  That  the  organized 
bdngs  of  the  first  periods  flourished  during  the  continuance 
of  the  circuiostances  which  were  suitable  to  their  growth  ; 
and  that  the  change  which  prepared  the  way  for  the  evolu- 
tion of  those  which  lived  at  a  subsequent  period,  contributed 
to  the  extinction  of  the  earlier  races. 

According  to  this  statement,  there  is  little  difficulty  in 
accounting  for. the  extinction  and  revival  of  the  diiferent 
races  of  the  less  perfect  animals  and  vegetables,  whose 
germs  appear,  even  at  present,  to  be  regulated  according 
to  such  circumstances.  But  it  ofiers  no  solution  of  the 
difficulty  attending  the  preservation  of  the  germs  of  the 
more  perfect  animals,  many  of  which  are  inseparably  con- 
nected with  the  parent,  and  require  the  continuance  of  her 
life  to  preserve  vitality  until  the  period  of  evolution.  If, 
then,  the  jx'esent  races  of  quadrupeds  did  not  exist  at  the 
time  when  the  mammoth  and  the  other  extinct  quadrupeds, 
whose  bones  Cuviee  has  described  with  so  much  accuracy, 
were  the  denizens  of  our  plains,  at  what  period,  and  under 
what  peculiar  physical  circumstances,  were  they  called  into 
being?  Is  the  generation  of  organized  beings  simultaneous 
or  successive?  Have  they  all  been  created  at  once ;  but, 
in  the  progress  of  time,  so  modified  by  the  influence  of  ex- 
ternal agents,  as  now  to  appear  under  different  forms? 
Or  have  they  been  called  into  being  at  different  periods, 
according  as  the  state  of  tlie  earth  became  suitable  for  their 
reception*.  The  latter  supposition  is  countenanced  by 
many  geological  documents. 

*  See  CuTitn*8  '^  Recherchcs  sux  les  Osscxnens  Fossxles  dc  Quadruped^,** 
J8!S.  2 
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2.  MoiHure.'^Atier  the  germ  has  been  produced  by  the 
vital  force  of  the  parent,  a  determinate  quantity  of  mois- 
ture  appears  to  be  necessary  to  enable  it  to  exercise  tlie 
functions  of  an  independent  being.  In  the  case  of  the  seeds 
of  plants,  and  the  eggs  of  all  the  aquadc  animals,  the  vital 
spark,  though  existing,  is  unable  to  display  its  energies 
when  placed  beyond  the  influence  of  water.  Even  after 
the  germs  have  expanded  into  maturity,  the  abstraction  of 
moisture  frequently  produces  a  cessation  of  every  func- 
tion. This  assertion  may  be  verified,  by  pladng  a  snail  in 
a  dry  ratuation  during  the  summer.  Animation  becomes  sus- 
pended, and  will  continue  so  for  several  years,  but  will  re- 
turn upon  moistening  the  shell  with  water.  Similar  effects 
may  be  observed  with  many  of  the  infusory  animalcules. 

These  facts  have  given  rise  to  the  opinion  which  very  ge- 
nerally prevails,  that  the  vital  principle  resides  in  the  solids, 
as  solids,  and  that,  by  means  of  m(Hsture,  it  exerts  its  in- 
fluence on  inorganic  matter.  Other^,  on  the  contrary, 
considering  that  the  fluids  furnish  the  materials  for  the 
construction  of  the  different  organs,  and  are  indispensably 
necessary  in  the  various  processes  of  absorption,  secretion, 
and  every  other  function,  conrider  that  the  vital  princifde 
reades  in  the  fluids.  Habvey  and  Huntbb  assert,  that 
both  the  blood  and  the  chyle  have  life ;  while  Albimus  Lb 
disposed  to  grant  it  even  to  the  excrement  It  is,  however, 
probable,  that  the  living  principle  resides  both  in  the  solids 
and  fluids,  as  we  can  form  no  conception  of  an  orgaillzed 
body  that  does  not  conast  of  vessels  and  contained  fluids ; 
neither  have  we  an  idea  of  life  that  does  not  include  the 
motion  of  these  fluids.  The  vital  principle  may  be  retain- 
ed«  though  inactive,  even  $Aer  a  considerable  part  of  die 
fluid  has  been  extracted ;  and,  in  the  case  of  the  snails 
and  animalcules,  revive  upon  the  addition  of  water.  Bat 
there  is  not  a  single  experiment  which  countenances  the  idea 
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of  the  vital  princif^  being  retained  by  the  solids  after  ab- 
solute desiccation. 

The  quantity  of  fluids  necessary  to  the  exerdse  of  the 
functions  of  organized  bodies  b  very  various,  according  to 
the  species.  How  different  the  dry  powdery  aj^Karanoe 
of  many  of  the  lichens^  compared  urith  the  watery  tremellae, 
or  the  hard  stony  substance  of  the  common  coral  (Corallii* 
na  poljrmorpha),  from  die  gelatinous  and  transparent  me- 
dusae. In  all  cases,  the  quantity  of  fluid  is  greatest  du- 
ring the  period  of  gtowth,  and  decreases  beyond  the  term 
of  maturity.  Hence  the  plumpness  and  flexibSity  of 
youth,— the  aridity  and  sti&ess  ot  age. 

8.  Temperaiure.'^The  two  circumstances  which  we  have 
already  pointed  out  as  necessary  to  the  commencement  and 
continuance  of  the  vital  functions,  are  nevertheless  insuffi- 
cient for  the  purpose,  without  the  aid  of  a  suitable  tempera- 
ture.  Unless  supplied  with  heat,  the  seeds  of  plants  do 
not  germinate ;  and  the  eggs  of  animals  are  not  hatched. 
Even  after  the  commencement  of  the  living  action,  anima- 
tion is  suspended  or  destroyed,  when  the  temperature  sinks 
below  a  certain  degree,  which  differs  aocwdmg  to  the  spe- 
eies.  In  some  animals,  reviviseence  and  toqiidity  may  be 
produced  by  turns,  by  the  communication  or  abstraction  of 
calimc. 

In  miuiy  olses,  where  an  elevated  temperature;^  or  one 
higher  than  the  surromuling  medium  b  required,  as  in 
some  plants  during  the  fecundation  of  the  seed,  and  in 
witrm  blooded  animals,  organs  are  provided  which  occasion 
the  evolution  of  caloric ;  and,  when  this  fluid  eeaies  to  be 
produced,  the  functions  of  life  ar6  sui|)ended  cr  destroyed. 
In  general,  when  the  temperature  descends  to  the  freezing 
point,  animation  is  eidier  totally  destroyed  or  suspended ; 
and,  below  that  tempeeature,  circulation  ceases,  and  the 
fluids  congeal.     Life  is  likewise  destroyed  by  a  tempera^ 
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ture  i^iproaching  the  boiling  point  "f  ii6  taidency  of  the 
fluids  to  fly  off  in  vapour,  becomes  too  great  for  the  vital 
power  to  restrain.' 

Ab  the  medium  in  which  organized  bodies  live^  ill  sub- 
ject to  great  variations  of  temperature,  it  is  obvious,  that 
unless  Nature  had  provided  some  means  of  defence,  many 
raoea  would  soon  be^  extinguished,  and  dthers  confined  iif 
their  operations.  But,  in  all  the  situations  in  whicfaoi^ll- 
nized  bodies  are  placed,  ^e  means  of  protection  agwnst  the 
vicisaitudes  of  temperature  are  liberally  provided.  The 
locomotive  fiiculty  assists  thdr  escape  from  the  scene  of 
danger  i  and,  whei^  this  is  wanting,  a  coveriaog  of  a  body 
wfaidi  conducts  heat  imperfectly,  is  bestowed  to  prevent 
the  diminution  of  temperature,  and  various  means  are 
eveiy  where  employed  to  check  its  pernicious  increase.  It 
is  jMTobable,  that  all  organised  beings,  vegetable  as  wc41  as 
anWiTMil,  have  an  inherent  power  of  generating  cold  or  heat, 
acoording  as  circumstances  require.  S<Hne  curious  expen^ 
wisnts  were  performed  in  illustration  of  this  subject  by 

HUNTBH  ♦. 

But  the  resouroes^f  organized  bodies^  employed  to  se- 
cure a  suitable  temperature,  may  be  discovered  in  the 
drcumstances  of  their  physical  distribution.  Some  are 
found  subsisting  under  the  influence  of  a  verticid  su%. 
while'  others  survive  the  percii^  colds  of  the  arctic  re- 
mans ;.  some  prefer  thesea^ore,  others  tlie  summit  of  the 
moimtains  ;•  some  live  ip  the  water,  others  on  the  dry  land.- 
To  these  diflferent  circumstances,  there  is  an  admimble^ 
adaptation  of  structure  and  dispoation  with  respect  to  tern* 
perature ;  so  that  no  part  of  the  earth  at  the  waters  can  be^ 
eoDsidared  as  destitute  of  life.  In  these  efferent  stations^ 
the  different  spedeA  can  perform  all  the  functions  of  exiat- 

'  ■  ■      ■     i  ■!   mil. .11  ■  ■  ..^iiia*   ■■!■       li      II  I      ,    - 

•  nSL  Tram.  ITI^-lTTft 
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enoe,  the  condition  of  the  living  body  being  suited  to  the 
place  of  its  residence.  But  it  may  be  asked.  Is  there  no 
particular  degree  of  heat  in  which  the  living  princi{des  di». 
play  tbar  energies  with  the  greatest  vigour?  To  this  it 
may  be  answered,  That  the  spedes  of  organized  bongs 
are  much  more  numerous  towards  the  equitor,  than  in 
any  of  the  other  districts  of  the  earth ;  that  thdr  numbo^ 
decrease  as  we  approach  the  poles ;  and  that  the  same  de- 
crease may  be  observed  on  leaving  the  sea^ore,  and  ad- 
vandng  towards  the  mountains.  These  facts  seem  to  indi- 
cate a  mean  temperature  of  about  84''  Fahr.  the  average 
mean  heat  of  the  equatorial  re^ons,  as  the  most  favourable 
far  the  increase  of  living  beings ;  since  they  decrease  in 
number  and  variety  as  we  approach  the  poles,  with  the  pro* 
gress  of  the  diminution  of  temperature. 

The  influence  of  temperature,  in  modifying  the  appear- 
ances of  organized  bodies,  is  by  no  means  oonsidemble. 
Among  plants,  the  size  appears  to  be  influenced  by  this 
eause,  the  tallest  b^g  found  in  the  warm  countries,  while 
those  of  the  colder  regions  are  of  more  humble  growth. 
It  is  probable^  however,  that,  in  this  case,  the  agency  of 
winds  in  diminishing  the  size,  is  more  eflectual  than  the 
decrease  of  temperature.  With  regard  to  animals,  size  ap- 
pears but  little  influenced  by  temperature.  The  whales  of 
the  arctic  seas  are  the  largest  animals  in  tlie  world ;  while 
die  land  quadrupeds  of  the  warm  regions  are  larger  than 
those  in  temperate  climates.  But  the  irregularities  which 
present  themselves,  forbid  the  establishment  of  a  general 
rule. 

In  every  case,  then,  we  witness  heat  necessary,  not  only 
to  enable  the  vital  principle  to  execute  its  first  movements, 
but  the  functions  of  existence  in  evety  period.  It  appears, 
indeed,  to  be  the  principal  exciting  cause  of  vital  enei^, 
from  the  commencement  to  the  termination  of  its  actions. 
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4  MmMpheric  Air.^^If  we  suppose  the  existence  of  a 
genu  ready  to  expand,  and  furnished  with  a  suflident  quan-^- 
tity  of  moisture,  and  a  suitable  temperature,  still,  there  is  an« 
other  ocmdition  necessary  to  enable  the  living  power  to  pm- 
ceed  to  ocecute  its  functi<His, — ^the  presence  of  atmospheric 
air.     The  decomposition  of  this  fluid  takes  place  wherever 
there  is  living  action.    The  portion  of  oxygen  which  it  con<>» 
tains  disappears,  and  carbonic  acid  is  substituted  in  its  place. 
These  effects  are  produced  by  the  seeds  of  {rfants,  and  the 
^ggs  of  animals.    Nor  is  this  decomposition  confined  to  the 
first  stages  of  life :  for  we  find  the  stems  and  leaves  of  plants, 
—the  skin  and  lungs  of  animals,  requiring  a  constant  sup. 
ply  of  air ;  and,  when  this  is  withheld,  decay  and  death 
supervene.    Judging  from  the  most  accurate  experiments 
which  have  been  made  cm  the  subject,  it  appears  to  be  de^ 
monstrated,  that  living  bodies  produce  a  supofiuous  quan- 
tity of  carbon,  and  that  the  presence  of  the  oxygen  gas  of  the 
atiiioq)bere  is  required  to  wayert  this  into  carbonic  add,  for 
the  purpose  of  removing  it  more  easily  from  the  system.  The 
aasodc  gas  in  the  atmosphere  does  not  appear  to  exert  any 
positive  influence  on  living  bodies.     It  apparently  ser>'es 
only  to  dilute  the  oxygenous  portion. 

5.  NaurUhment^lPor  the  purpose  of  supplying  mate- 
rials  for  the  increase  of  the  structure,  and  the  repair  of  the 
waste  which  always  results  from  living  action,  nourishment 
is  neceasary  (or  all  organised  bodies,  and  is  sought  after, 
at  stated  periods,  whenever  the  system  is  exerrismg  its  func- 
tions. It  is  more  or  less  fluid ;  and  differs  both  with  tegud 
to  its  composition  and  quantity,  according  to  the  spedes. 

Life,  then,  requires  the  germ  to  have  been  detached 
from  a  parent,  supplied  with  moisture,  excited  by  heat,  and 
fiinuahed  with  air  and  food. 

III.  Modykation8^iheriUdPrkwy^k.—Ua^yingt^^^ 
attempted  to  ascertain  the  conditions  necessary  to  the 
VOL.  I.  c 
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cammeDoement  cf  fife,  and  to  the  exetciie  of  ite  fianc- 
UoDBy  let  us  now  attend  to  some  of  the  phenomena  ^eaeat- 
ed  by  organised  bodies  during  the  amtiiliiance  thereof* 
IVhen  all  the  organs  are  in  snch  a  degree  of  perfection  as 
to  be  able,  easily  and  durably,  to  perform  the  functions  €£ 
life,  the  body  is  said  to  be  m  a  state  of  HmM.  The  an- 
(aents  recognised  a  Goddess,  who  was  supposed  to  preside 
over  this  condition,  whom  the  Ored^s  termed  *Ty»«,  and  the 
Romans  iSiiiuf. 

When  #e  conader  the  situation  in  which  wganised  bo- 
dies are  placed  on  the  surface  of  the  globe,  the  changes 
which  take  place  in  the  quantity  and  nature  of  their  food, 
the  Tariationa  in  the  temperature  of  the  surrounding  de- 
ments,  besides  the  occurrence  of  an  infinite  yarie^  of  aod- 
dents,— all  calculated  to  retard  or  derange  tfaar  motions, 
we  may  expect  to  find  many  indBviduals,  in  whidi  the  har- 
mony between  the  different  parts  is  interrupted,  and  the 
functions  of  particular  organs  suspended,— ptoducing  a  con- 
didon  the  opponte  of  health,  termed  Dueaae.  The  umn- 
tem^iCed  influence,  indeed,  of  extenud  objects,  acting 
cith^  directly  or  indirectly,  precludes  the  possibility  of  an 
organised  body  enjoying  perfect  healdi  for  any  length  of 
time.  These  obstacles,  however,  are  in  part  removed,  by 
the  power  which  each  individual  possesses  rf  accommoda- 
ting itself  to  circumstances ;  of  varyii^,  within  a  certain 
range,  its  fimn,  structure,  and  actions ;  of  repairing  inju- 
ries ;  and  of  continuing  to  Eve^  though  in  part  mutikted. 
Such  displays  of  the  vital  power  are  familiar  to  the  Phy- 
fldan,  and  constitute  the  very  basb  of  the  heahiq^  art 

Besides  the  destructive  influence  of  external  objects,  we 
may  refer  many  of  the  diseases  which  assail  Oigsnized  bo- 
dies,  to  some  imperfection  or  derangement  of  the  vital 
frimdple  itself.    This  is  obviously  the  case,  when  an  organ 


Digitized  by  CjOOQ IC 


VITAJL  PRINCIPLE.    '  35 

18  either  increased  or  diminished  beymid  its  ordinary  size, 
thereby  destroying  the  proportion  which  should  prevail  be< 
tweeaa.  all  die  thembers;  or,  when  one  organ  ceases  to  exer* 
cise  its  own  appropriate  functions,  and  performs  those  for 
which  other  organs  are  constructed.     Organized  beii^,  in 
whidi  such  modifications  prevail,  are  termed  Monskra. 
That  monsters  should  occur  among  organized  bangs,  need 
not  surprise  us,  if  we  reflect  upon  the  number  of  the  ves- 
sels in  which  the  living  process  is  performed ;  the  different 
properties  of  the  matters  acted  upon ;  the  endless  varieties 
of  comlnnation  and  decomposition,  of  absorption  and  secre- 
tion, which  take  place.     It  may  rather  exdte  our  astonish- 
ment, that,  among  living  beings,  so  few  are  to  be  found, 
whose  parts  do  not  preserve  their  true  proportions,  or  whose 
OTgans  exercise  functions  which  are  foreign  to  their  nature* 
Monsters  may,  with  propriety,  be  divided  into  two  kinds. 
In  the  first,  there  is  an  excess  or  deficiency  of  a  particular 
part,  by  which  the  relative  proportion  of  the  different  or- 
gans is  destroyed.     The  common  garden-carrot  may  be 
produced  as  an  example.     In  the  wild  state,  the  root  is 
small,  at  the  same  time  that  it  appears  fitted  to  act  both  as 
an  organ  of  nourishment  and  support  to  the  stem  with 
which  it  is  connected.     When  cultivated,  the  root  attains  a 
much  larger  size,  and  the  ori^al  proportion  between  it 
and  the  stem  is  greatly  changed.     The  same  holds  true 
with  regard  to  the  turnip,  and  nearly  all  the  roots  which 
are  eulttrated  for  culinary  purposes.    The  cabbage  has  be- 
come monstrous  by  the  excess  of  its  leaves;  the  tulip  by 
the  size  and  the  shape  of  its  petals ;  and  our  most  highly 
esteemed  fruits,  by  the  dlBproportionate  magnitude  of  the 
pericarp.     In  the  Animal  Kingdom  such  obvious  instances 
of  monstrosify  of  this  kind  are  of  rarer  occurrence.     There 
is  usually  a  greater  harmony  among. the  parts ;  so  that  the 

c2 
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increaae  or  dknuiutkin  of  one  iNrgaii  is  afioonpamed  with 
corresponding  changes  in  all  the  others.  But,  when  ob- 
served with  attention,  the  difierent  breedt  of  our  domestie 
animals  exhibit  such  monstrosities*  The  me  of  the  body, 
when  compared  with  the  limbs ;  the  presence  or  absence  of 
horns  ;-  the  length  or  shortness  of  fur,  are  aH  indications  of 
the  deranging  influence  of  domestication. 

The  second  kind  of  monstrosity,  and  undoubtedly  the 
most  remarkable,  oondsts  in  the  substitution  of  function, 
which  sometimes  takes  place  among  the  organs.  In  con- 
sequence of  this  change,  parts  are  produced  in  ntuations 
where  they  do  not  occur  in  the  healthy  state ;  wliile  other 
parts  disappear,  which  are  essentially  necessary  to  the  har- 
mony of  the  whole.  Thus  with  regard  to  fJants,  Sir 
James  £.  Smith  has  observed  (and  we  have  witnessed 
the  same  appearance,)  the  double-flowering  cherry  with  the 
pistil  changed  into  a  leaf*.  But  although  the  form  and 
function  of  the  organ  were  thus  changed,  the  new  produc- 
tion was  not  foreign  to  the  system,  as  it  resembled  exactly 
the  common  leaves  of  the  branches.  The  stamens  of  the 
rose  are  frequently  converted  into  petals ;  and,  in  conse- 
quence of  the  change,  acquire  the  agreeable  perfume  pecu- 
liar to  the  ofgan  into  which  they  have  been  metamorphosed. 
On  the  other  hand,  when  thestamens  of  the  Meadowsweet, 
(Spiraea  uhnaria,)  upon  the  flower  becoming  double,  Aange 
into  petdis  they  lose  all  the  fragrance  which  they  would 
have  possessed  as  stamens,  the  petals  into  which  they  have 
passed  being  scentless.  In  all  these  instances  of  monstro- 
sity, we  observe,  that,  although  an  alteratbn  takes  place, 
both  in  the  structure  and  function  of  an  organ,  it  is  only  in 
exchange  for  the  character  of  another  organ,  peculiar  to  the 
system  to  which  it  belongs.     The  pistil  of  the  cherry  did 

nutToduction  ts  Botany,  p.  275. 
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not  assume  the  leaf  of  the  rose;  nor  did  the  stamens  of  the 
rose  change  into  the  petals  of  the  meadowsweet  In  no 
case  is  there  a  mixture  of  the  character  of  other  species. 
Each  preserves,  amidst  its  greatest  changes,  that  individua- 
lity of  constitution  by  which  its  vital  principle  is  distinguish- 
ed. 

In  animals,  monstrosities  of  a  similar  kind  prevail.  Thus 
IB  the  human  ovarium,  concretions  of  hair,  and  even  teeth 
have  been  found ;  substances  which,  in  ordinary  cases,  ase 
fabricated  in  the  uteru» ;  and  all  this  in  the  absence  of  sexual 
]ntaroour8e^ 

In  many  parts  of  the  human  body,  encysted  tuimxv  have 
been  observed,  covered  internally  with  skin,  producing 
hairs.  That  such  organs  have  assumed  the  functioiis  of  the 
skin,  is  obvious  from  the  pcMrtions  of  detached  cuticle  and 
hairs  found  in  the  cyst,  which  have  been  thrown  oS  in  suc- 
cession. In  these  instances,  which  occur  in  other  animals 
as  well  as  man,  the  hair  corresponds,  in  appearance,  with. 
that  which  grows  upon  other  parts  of  the  body.  Hence 
when  encysted  tumors  of  this  kind  form  in  sheep,  they 
contain  wod.  Tumors  likewise  occur  on  different  parts  of 
the  body,  produdi^  homy  excrescences.  A  figure  of  a 
production  of  this  kind,  cut  from  the  head  of  a  woman  in 
Edinburgh,  in  1671,  and  deposited  in  the  library  of  the 
College,  is  ^ven  by  Sir  Bobekt  Sibbald  f .  Similar  in- 
stances have  occurred  in  England,  and  other  countries. 
Although  usually  termed  Homs^  they  are  essentially  diffe- 
rent from  the  armature  of  the  ruminating  quadrupeds. 
They  have  no  core  upon  which  they  have  been  formed ; 
consequently  they  are  destitute  of  a  central  cavity.     They 

*  Dr  Bauib*!  m  Acccmnt  of  a  Change  of  Stractiure  in  the  Human  Ov^ 
nam.** — Phil.  Trans,  17S9,  voU  Ixxix.  p.  71.-7S. 
t  •«  Scoria  lUustrata,'*  tab.  xi.  fig.  ?3.  part  L  p.  60. 
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Bie  not  connected  wtth  the  skdeton,  but  produced  by  tiie 
skin,  and  differ  in  nothwg  but  shape  from  the  nails  of  the 
lingers  or  toes.  Where  such  excrescences  have  been  ob- 
served on  sheep,  they  have  resembled  the  substance  of  the 
hoof* 

In  all  these  different  instances  of  monstroraty,  in  the  Ani- 
mal Kingdom,  (and  many  amilar  cases  might  have  been 
enumerated,)  in  which  certain  organs  perform  funetioDB 
which  are  unnatural  to  them,  we  sdil  find  iknits.assgned 
even  to  these  aberradons.  The  new  parts,  how  extraordi- 
nary soever  they  may  appear,  are  still  similar  to  the  parts 
of  some  other  portion  of  the  system.  The  organs  whidi 
characterise  one  species,  are  never  produced  en  other  qie- 
des  as  monstroaties ;  so  that  there  b  no  mixture  or  trans- 
mutation. The  (unctions  of  a  system  may  thus  be  deran- 
ged, and  the  harmony  of  its  parts  destroyed;  but  to  such  ir- 
regularities there  are  bounds  whidi  are  nev^  exceeded  f  . 

These  occurrences,  which  take  place  during  the  conti- 
nuance of  life,  serve  greatly  to'shorten  its  duration.  Neither 
dwarfs  nor  giants  survive  the  usual  period  of  existence.  The 
attainment  of  the  senile  wlniMtMi,  so  anxiously  wished  for 
by  all,  only  takes  place  when  there  is  an  equilibrium  be- 
tween all  the  <»gans ;  when  eadi  <Mrgan  exerdaeB  its  own 
peculiar  actions ;  and  when  the  body  escapes  the  destruc- 
tive influence  of  external  acddents.  Previous  to  the  disso- 
lution of  the  fabric,  we  witness  a  rigidity  of  the  vessels ;  a 
defidency  of  the  fluids ;  and  a  cessation  of  motion.  The 
vital  prindple  then  deserts  the  body  which  it  has  construet- 

•  ScQ  Sir  EvRRARD  Homers  "  Observations  on  Horny  Ezciescences  of  the 
Human  Body.'*— -Phil.  Trans.  1791,  vo|.  IxxxL  p.  95.-105. 

+  The  reader  will  find  sonie  short  but  pertinent  remarks  on  this  sub- 
ject, by  Dr  Barclay,  **  On  the  Causes  of  Organization.**— Memoirs  of  the 
Wemerian  Natural  History  Society,  vol.  li.  part.  ?.  p.  5S|7..54«. 
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^  HiKi  «i]tfT«q4frs  U  to  tbe  iqfliifinQe  of  t}i^  laws  of  iDorg^- 
liicmtter.    Thii  }|i8t  9tate  ]» t^raped  2)00^ 

We  Ii^ye  ulindy  rt^ted,  thut  ihe  viti|l  priscipbi,  in  th^ 
4bfn«»t|on (^m  anpiM9(94  faQ4y»  mU  in  dii^ect  oppooitiQp  to 
(lie  kw»  of  (:b^n#try  or  nou9phiuw»>  With  the  fM^ftlioUp 
tbecefpiRe,  of  the  influence  of  tl^  one,  |um1  the  coptinued 
^)Q|llhii|ed  op^qrtiqfi^  pf  the  Ptheiq,  we  may  iiptidpate  very 
reigerkahle  eh^fW^  Perhaps  the  fi^pearances  of  death 
which  fil»t  ivesj^t  tbefo^elves  to  pur  iMiGe,  pipqaed  from  thf 
influence  exerted  by  the  Jaws  of  mechanics.  In  obedieno^ 
to  the  power  of  gfavitatipn,  the  jdiapt  twig  h^igs  down^ 
ap4  the  i^Ieyidpr  ftopA  beoda  In  aiuauflp,  the  body  ffdla  tP 
tho  grqund ;  th^  pres9ure  of  the  uppfsr  parte  flattens  thoe^ 
oil  «htPh  the  plb^w  re^t;  the  dm  stist^he?  out;  and  th^ 
gi^ao^ul  rotundity  of  life  is  excbiii^ged  for  the  pblatfsneas  cf 
death*  Th#  lawf  of  ch^ati7  thep  appear  to  opferate,  i^ 
the  pipduetM>i|  of  the  cadaverous  smell,  the  prelude  to  pu- 
trefiiction,  whe^  4uat  rdtvin»s  to  dyst. 


CHAP-  IIL 

THB  BISTIliOiaBaiKG  CHAaACTBKS  OF  AK1MAL8  AK9 

VEGETABLES. 

XxAvivo  endeavoured  to  ascertain  Aose  characters  whieli 
ave  oommon  to  all  orgavized  Ixxfies,  itnow  remiuns  that  we 
mark  the  limits  which  separate  these  into  the  two  great 
kingdoms  of  Animals  and  Vegetables,  into  which  they  have 
been  divided  by  the  universal  consent  of  mankind.  The 
undertaking  may  be  r^puded  as  peculiarly  diiRcult,  if  we 
jodge  from  the  variety  of  definitions  which  have  been  given, 
and  the  still  unsettled  slate  of  <qpinioii  among  naturalists  om 
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the  subject  Part  of  this  diffieulty,  however,  may  be  re^ 
ferred  to  the  employment  of  amlMguous  phraaes,  and  to  in- 
attention to  the  nttmber  and  character  of  those  properties 
which  are  conmion  equally  to  frfants  and  animals.  ,  But  the 
greatest  share  may  be  traced  to  die  practice  of  examimng  the 
doubtful  objects,  without  attending  to  aH  thdr  relations,-^y  . 
ecxnparing  the  less  perfect  animals  mth  some  of  the  quidi- 
ties  of  the  most  perfect  plants,  and  by  allowii^  oiur  opiflioas 
to  be  influenced  by  drcumstances  connected  with  mere  size 
andfcrm. 

When  we  compare  together  those  animals  and. plants, 
which  are  conadered  as  oocupjring  the  highest  statiims  in 
each  kingdom,  we  perceive  that  the  duuracters  by  wUdi 
they  may  be  distmguished,  are  obvious  and  wdl  defined. 
But  when  we  descend  to  the  animak  and  plants  whidi  oc- 
cupy the  lowest  stations,  and  perceive  that  they  are  less 
4xnn{£cated  in  their  structure ;  exercise  few  functions  be- 
mdes  those  which  are  essential  to  livii^  bodies;  and,  in 
oonsequenoe,  present  only  obscure  points  of  difference,  we 
may  be  led  into  the  supposition  that,  at  a  certain  Knk  of 
the  chain,  the  two  kingdoms  coalesce.  When,  however, 
we  examine  all  the  diaracters  which  the  imperfect  plants 
And  animals  exhibit,  we  shall  be  aUe  to  trace  the  rdations 
which  connect  these  minute  and  obscure  species,  with  those 
in  which  the  eharacteristics  of  the  kingdom  to  which  they 
belong  are  raore  fully  developed.  In  order  to  illustrate 
diis  subject  still  farther^  and  attemptiii^  to  guard  against 
•the  errors  into  whidh  others  have  been  betrayed,  we  have 
.already  enumerated  those  characters  which  are  essential  to 
the  existence  of  orgamaed  bodies;  and  propoee  now  to  ooo- 
•sider  the  marks  by  whidb  animals  may  be  distinguished 
from  plants. 

I.  JbwmaU  Affetfrom  Plants  in  ComposMon.-^The  ea- 
^ntial  elements  of  organized  matter  appear  to  be  carbon* 
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cKygm,  hydrogen,  aodasote,  together  unth  aUcafine  and 
earthy  «dts.  These  ingredients  are  variously  combined, 
aooording  to  the  qpedes;  but,  when  examined  in  a  geoend 
view,  they  aj^iear  to  umte  according  to  a  different  jdan  in 
«ach  kingdom. 

The  solid  parts  of  all  phmls,  termed  the  woody  fibras, 
contain  eavfaon,  oxygen,  and  hydrogen,  with  scarcely  a 
trace  of  asote.  Sometimes  there  is  a  quantity  of  alica  in- 
oorpotated  with  the  common  integuments.  The  solid  parts 
of  animals  connst  of  fime  or  magnesia,  united  with  caibonic 
or  phosphoric  adds.  In  those  beings,  of  both  kingdoms, 
which  appear  to  be  destitute  of  solid  parts,  the  points  of 
difference  are  still  numerous.  We  find  the  mucilage  or 
gum  of  soft  plants,  differiiig  widely  firam  the  gelatine  or 
albumen  of  soft  animals ;  the  former  being  destitute  of 
aaote,  whidi  eaters  as  a  constituent  in  the  latter.  In 
some  plants,  substances  of  an  animal  nature,  (or  abound- 
ing m  azote,)  lia^e  been  detected;  not,  however,  constU 
tudng  a  whde  pkmt,  but  only  occurring  in  certain  atua^ 
tions,  and  always  in  company  with  other  substances  of  a 
decidedly  v^^getaUe  nature ;  or  onnsi«ting  mily  of  carbon, 
hydrogen,  and  oxygen.  In  the  soft  animals,  there  is  no 
extensive  combination  of  carbon,  hydrogen,  and  oxygen, 
into  which  aaote  does  not  enter ;  or,  in  other  words, 
no  substance  of  a  vegetable  kind.  In  consequence  of  this 
difference  of  compontion,  animal  and  vegetable  matters 
may  be  easily  distinguished,  when  burning.  The  odour 
of  each  is  so  peculiar,  that  the  test  may  be  safdy  empbycd 
by  the  most  inexperienced.  Besides^  as  vegetables  abound 
in  oxygen,  they  have  a  tendency^  after  death,  to  become 
add  by  its  new  combinations  with  carbon  and  hydrogen ; 
whereas,  the  soft  parts  of  animals,  after  death,  are  disposed 
to  become  alkaline,  the  asote  altering  into  new  combina- 
tion with  the  hydrogen,  and  forming  ammonia. 
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By  tbe  aid  of  thk  dieaikd  diancter,  tbeyinge  aad  o». 
nd,  the  only  berngB  which  make  any  thing  like  an  ^ 
praach  to  the  vegetaUe  tiibes,  may  bedemoostnt^ 
with  die  other  mcmhers  of  the  aniiiiai  kugdom,  in  the  ge- 
kbne  or  albumen  of  their  soft  parts^  and  the  earthy  salts 
mUA  constitute  their  eoreniigs  or  support 

&  Jmimali  diferjrom  PhmU  tn  iSVrMtov.-f.When 
we  examine  the  structure  of  the  solid  parts  of  vegetsUes,  we 
find  them  oonsisting  of  fibres  or  thieads,  wfaieh  fie  paraM 
to  one  anodier.  In  the  sofid  psrtsof  animaln,  on  the  other 
hand^  the  earthy  srfts  arearrsnged  in  {dates,  fivming 
cells. 

Each  fibre  of  a  plant  oonstitutss  a  tube  or  vessel  fiir  the 
iareulation  of  the  sap.  As  far  as  obssrvstiau  goe%  these 
tubes  are  c^hadrioal  throug^ut  They  are  aggngated 
into  fagots,  which  diminish  in  magnttude  as  they  proeeadto 
the  extrenutiesof  the  plant;  butthedecvesseisowiagtothe 
separation  of  fibres  to  form  smaller  fiigots,  not  by  thesufadi- 
trision  of  the  tubes  themselves.  The  vessds  of  animals  diffsr 
widdy  fipom  sudi  an  arrangement  They  donotconstiCute 
the  solid  parts.  They  are  all  of  them  oomcsl,  give  off 
lirsnohes,  and  diminish  by  subdivisbn.  The  seiid  parts, 
tlien,  of  animals,  are  oeQular  ;«^those  of  vegetables  vascu- 
lar ;•— 4he  vessels  o£  plants  are  parallel  and  cyhndrioal ; 
those  of  aniifials  are  irregular  and  oonicaL  The  fiirmer  are 
aimple;  the  lajtter  are  branched.  The  oigaas  of  support  in 
{>laats  consist  of  the  vessels  themselves;  in  animals,  they  aie 
^duefiy  secreted  salts. 

9.  Ammak  dfffir  Jhmi  PkmU  im  Aetr  Jurion.— The 
pveeediag  observations  on  the  compontian  and  sduotme  of 
df^yaiised  bongs,  establish  the  esistenoe  of  charactors  sufl 
fieiently  marked  to  wanant  the  oonehinon,  thatammak 
and  v^etaUes  bek>ng  to  diifiavent  systems;  that  diero  is 
a  model  peculiar  to  each ;  and  that,  by  attending  to  the  ap- 
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I  whidi  they  cshilnt  even  nfter  death,  it  is  pmet^ 
Gftble  to  aaoertain  the  kingdom  to  wfaidi  «iy  iodiTidiial  be- 
loDgB.  When  we  attend  to  the  display  of  the  living  pm- 
ciple  in  the  speoies  of  eaeh  division,  we  likewise  peueeive 
diffevenoesaoyeryreiiiaricaUe,  as  to  dispdi  all  the  doubt  and 
obscurity  in  which  the  subject  at  first  appears  to  beinvoili^ 
ed.  These  difierenoes,  however,  can  only  be  distinctly 
tvaoed,  by  a  cenqMnrieon  of  the  most  perfect  animals  with 
the  most  perfect  plants ;  and  by  continmng  the  omtMst, 
until  we  approadhi  the  lowest  station  of  each  kingdom. 

When  any  efcgect  comes  in  contact  with  the  pmnt  of  my 
finger,  I  fed  it^presence,  and  my  finger  is  said  to  ponossn 
the  power  of  SensaHm.  When  the  same  body  comes  in 
contact  with  my  hair,  there  is  no  idea  of  its  presence  excit- 
ed; and  the  hair  is  said  to  be  destitute  of  sensation.  When 
I  compress  or  eat  across  the  nerve  whidi  communicates  be- 
tween the  brain  and  the  finger,  the  faculty  of  sensation  is 
suspended  or  destroyed.  The  same  object  may  oeme  in 
contact  as  befi>re,  but  there  is  no  fteiii^  excited,  intimating 
its  presence.  In  the  hair  there  is  no  nerve;  and,  eoose^ 
quentiy,  diviaon  or  compession  occasions  no  change.  I 
conclude,  dierefore,  from  the  evidence  of  my  own  experi- 
ence,  that  the  power  di  feeling  is  inseparably  connected 
with  the  presence  and  coupon  of  the  nerves ;  and  that 
where  diere  are  no  nerves,  tha^  can  be  no  sensation.  I 
observe,  likewise,  in  the  case  ef  animal  bodies,  that  the 
nerves  are  only  dispersed  through  those  parts  which  conaist 
of  what  is  termed  animal  matter,  or  oombinaUons  of  car- 
bon, hydrogen,  azote  and  exygen  ;  and  appear  to  be  inca- 
pably nf  communicating  the  power  of  sensation  to  any  of 
the  comlnnations  of  the  earthy  salts. 

In  examining  the  diiB^rent  branches  of  the  animal  king- 
dom, we  observe  the  presence  of  a  nervous^stem,  more  or 
less  develc^)ed,  according  to  the  station  occupied  by  ihj^ 
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qpedes.  In  the  animals  of  the  higher  dasaef,  the  nervous 
filaments  can  be  distinctly  traced ;  but  in  pioportian  as  the 
abeoibing,  secreting,  and  circulating  vessels  of  the  system 
diminish  in  nxe,  the  nerves  experience  a  corresponding  de- 
ctease;  and  when  diese  vessds  can  no  longer  be  delected, 
on  account  of  the  smallness  of  their  diameter,  the  nervous 
filaments  likewise  elude  our  observation.  But  in  every  ani- 
mal,  the  most  minute,  we  infer,  from  analogy,  the  exis- 
tence of  Uiese  vessels  ;  and  the  belief  of  the  corresponding 
existence  of  the  nerves,  is  sanctioned  fay  the  same  authori* 
ty.  Since  all  animals  may  thus  be  considered  as  pnssfsning 
nerves,  the  faculty  of  sensation  may  be  regarded  as  com- 
mon to  every  individual  of  the  Animal  Kingdom* 

Let  us  now  turn  our  attention  to  the  most  perfect  plants; 
to  those  in  which  the  organs  are  most  numerous,  and  anoat 
complicated  in  their  structure.  In  these,  however,  there  are 
no  nerves,  nor  any  substance  which  resemUes  them  in  finm, 
atructure  and  functicm;  for  the  claims  of  the  pith  of  {dants 
to  be  considered  as  analogous,  have  been  abandoned  by 
4xmunon  consent  If  nerves  do  not  exist  in  the  most  per- 
fect plants,  have  we  reason  to  anticipate  their  discovery  in 
imperfect  plants,  which  occupy  a  lower  scale,  whose  oigani- 
zation  is  more  simple,  and  whose  living  principles  possess 
fewer  attributes  P  Here  analogy  forbids  the  expecta^n ; 
the  microscope  and  the  scalpel  announce  that  it  is  hopeless. 
We  eondude,  therefore,  that  as  vegetables  are  destitute  of 
nerves,  they  are  likewise  destitute  of  the  faculty  of  sensa- 
tion. 

When  any  object  toudies  my  finger,  and  exdtes  the 
idea  of  its  presence,  it  is  the  nerve  whidi  communicates  the 
sensation.  But  I  can  remove  my  finger  from  the  object, 
and  thus  cause  the  sensation  to  cease^  or  bring  it  again  in 
<xmtact,  and  renew  the  impresskm.  These  actions  are  ex- 
pressed by  the  phrase  Vokmimry  Miction.    This  fiu»ilty  is 
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eonfined  to  certain  organs,  and  certain  conditions  of  these 
organs.     If  the  nerves  of  the  finger  are  cut  across  or 
compressed,  I  am  unable  to  communicate  to  my  finger  the 
requisite  power.     Sensation  has  ceased,  and  along  with 
it,  voluntary  motion.     In  the  one  case,  the  sensation,  by 
the  ligature  or  division  of  the  nerve,  is  prevented  from  as- 
cending; in  the  other,  the  excitement  to  voluntary  motion 
is  prevaited  from  descending,  by  the  interposition  of  the 
same  means.     I  conclude,  therefore,  that  the  presence  of 
the  nerves  is  essentially  necessary  to  voluntary  motion. 
Here,  however,  there  is  another  condition  necessary.     The 
organs  to  which  the  nerves  proceed,  must  be  so  omstruct. 
ed  as  to  admit  of  motion.    My  fingers  possess  this  requisite 
qualification  in  an  eminent  degree ;  but  when  many  other 
parts  of  my  body  are  touched  by  any  object,  even  though  I 
feel  its  presence,  I  cannot  move  away  the  part  without  a  ge» 
neral  movement  of  the  whole  body.    In  many  cases,  I  cannot 
even  accomplish  my  object  by  any  movement  of  the  body,  as 
when  the  substance  is  situated  in  some  central  part,  so  con- 
structed as  not  to  obey  the  will,  as  is  the  case  with  gouty 
or  imnary  concretions.     Voluntary  motion,  then,  depends 
on  the  presence  of  nerves,  and  die  structure  of  the  parts  to 
which  these  are  distributed. 

As  all  animals  may  be  considered  sa  possessing  nerves, 
and  consequentiy,  the  essential  requisito  of  vcduntary  mo- 
tion ;  the  organs  of  animals  are  likewise  so  constructed, 
as  to  admit  of  its  ifisplay  in  the  variety  of  actions  which 
they  perform.  In  a  few  animals,  however,  such  bb  the 
sponge,  the  diiqdays  of  tins  power  are  scarcely  discernible. 
But  as  in  all  such  animals  there  are  some  soft  parts,  and 
as  they  all  possess  nerves,  we  may  infer  from  analogy  the 
existence  of  this  faculty,  althou^  its  operations  are  imper- 
ceptible to  our  lenses. 

t  ^* 
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Though  plants  powesB  many  orgtam  apparently  well  a- 
d^ited  to  the  diflplay  of  voluntary  motion,  yet  the  total  ab- 
sence of  any  thing  like  a  nervous  system,  the  esaential  eon- 
dition  of  the  faculty,  and  the  want  of  aiumal  matter  on  which 
it  may  exert  its  energies,  fix'bidustoentertainabeUef  of  its 
enstenoe. 

Besides  possessing  the  faculty  of  sensation  and  voluntary 
moticHi,  I  likewise  am  able  to  move  my  limbs  in  such  a 
manner,  as  to  change  the  position  not  of  one  organ  merely, 
but  of  my  whole  body,  (x  to  shift  from  one  place  to  ano- 
ther. This  new  action  is  termed  LocomotiotL  '  It  requires 
for  its  performance  not  merely  the  oonditionB  requiote  for 
sensadon  and  vduntary  motion ;  but  lUtewise  an  arrange- 
ment of  organsso  constructed^  as  by  their  action  en  the  sur^ 
rounding  elements,  whether  of  air,  earth  or  water^  the  body 
may  be  displaced.  Quadrupeds,  birds,  reptiles  and  fishes, 
possess  sudi  anaiFBngementc^<»rgans,  andeidiibit  the  loco- 
motive power  in  a  great  degree  of  perfection.  But  as  we 
descend  in  the  scale,  we  find  many  animals  in  which  such 
an  organization  does  not  exist,  and  that  live  gia  the  same 
spot  fiom  the  commencement  to  the  termination  of  thdr 
existence.  These  animals,  however,  are  all  natives  of  the 
water ;  and  although  they  be  thus  stiMionary  XheamAve&^ 
the  fluetoatioiis  of  the  dement  in  which  they  live^  pioduoe 
a  variety  in  the  scene,  and  daily  bring  new  ol^ects  in  con- 
tact with  their  organs  cS  sensation. 

Among  the  invertebral  animals,  in  which  this  fiiculty  is 
not  present  in  every  species,  thore  does  not  appear  to  be 
any  link  of  the  chain,  or  any  sysfsem  of  organs  connected 
with  other  functions,  which  regulate  the  presrace  ot  ab- 
smceof  locomotion.  The  MonaSf  usually  consod^ed  as 
the  lowest  term  of  animal  life,  and  in  which,  neither  mouth 
nor  vessels  can  be  perceived,  is  an  animalcule  which  resides 
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in  water,  and  peribmB  all  its  kioomoCive  ev<dutk»i8  with 
oohadenUy  nudity.  The  O^Hetj  oA  the  other  hand,  itk 
which  a  heart,  bloodTesKlfi,  Irndfi^  gSb,  and  stomach,  mojr 
be  eanly  dbaerred,  has  one  Talre  of  its  shell  cemented  tn 
the  rock,  and  dqiends  on  the  bomkty  of  the  waves  for 
aU  the  objects  of  its  eensitfion  add  nourishment 

Pkats  «re  destitute  of  sensation,  voluntary  motion,  and 
locomoticni.  They  live  and  die  in  the  same  spot.  Where 
the  aeed  trst  strfties  root,  there  the  plimt  eotttinues,  unless 
transported  by  some  foreign  power,  and  passes  through  the 
various  stages  of  growth,  maturity  and  decay.  Plallta 
hatve  been  found  alive,  even  when  detailed  from  the  soil ; 
but  such  piaats  possess  true  roots^  either  as  organs  of  silp- 
port  or  nouridiment ;  and  only  quit  their  first  station  by 
force.  This  is  frequently  the  case  with  the  floating  ducko-- 
weed,  and  wiA  the  fuoi  which  form  the  celebrated  Mar  db 
Sargasso,  or  sea  of  sea-weeds,  in  the  great  ocemi. 

4.  Animdb  ilffer  J¥om  JHomts  m  ^eir  NuMHon^-^lt 
we  attend  to  the  oi^am  of  nouridunent  in  the  perfect  ani- 
mals^ we  perceive  that  there  is  an  alimentary  camd,  situal'* 
ed  towards  the  centre  of  the  body,  and  exhibiting  in  some 
part  of  its  course  an  eidargement,  teamed  a  iSfomocA.  As 
we  deaoend  in  the  scafe  of  aidmal  life,  tins  tube  experienoeii 
renaikaMe  dianges  n  form  and  position,  but  catftmues  so*' 
litary  in  each  individual  When  d  the  other  vesaeb-frf' 
the  body  cease  to  be  conspicuoas,  by  reason  of  the  diminu- 
tive mze  of  the  asHflial  under  ^camination,  dns  organ  may 
ofkn  be  perceived.  Indeed,  judgmgfiom  analogy,  we 
hove  reason  to  condude^  that  in  every  individual  of  dbe 
Animal  Kingdom,  there  is  a  particular  cavity  destined  for 
the  recepticm  of  the  food.  * 

In  the  most  perfect  vegetables,  on  the  otheir  hafid,  we 
find  the  alimentary  tubes  so  numerous,  that  we  are  unable 
to  cofunt  them ;  and  in  no  case  do  we  observe  atoy  dottnnon 
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cavity  into  which  they  empty  that  opntents,  or  any  en- 
laigcment  whidi  bean  a  reflemblance  to  a  stomach.  In 
the  inferior  tribes  of  vegetables,  the  organs  of  nutrition  ap» 
pear  to  be  constructed  according  to  the  same  modd.  In 
consequence  of  these  peculiar  arrangements,  the  absoibbg 
vessels  of  nutrition  in  plants,  arise  on  the  sui&ce;  while 
those  of  animals  originate  on  the  inside  of  the  ahmeatary 
canaL  Dr  Ajlstom,  who  regarded  this  last  character  as 
constitudng  an  obvious  and  essential  mark  of  distirtcticm 
between  plants  and  animals,  fancifully  termed  a  plant  an 
invefied  ammal  \ 

In  all  ammals,  in  which  the  intestinal  canal  is  of  suffi- 
cient mae  to  be  obvious  to  the  senses,  we  perceive  that 
crude  matter  is  conveyed  to  it  by  the  mouth ;  and  that  af* 
ter  a  certain  time,  the  useless  part  is  thrown  out  as  excre- 
ment In  plants,  all  the  food  which  enters  thar  tubes, 
appears  to  be  in  a  state  of  solution;  and  all  the  superfluous 
quantity  is  disupated  in  gaseous  or  aqueous  exhalations. 

Some  have  attempted  to  inanuate,  that  pHants  can  live 
on  imMrganic  matter,  while  animals  can  be  supported  cmly 
on  that  which  is  or  has  been  organised  matter,  dther  of  a 
vegetable  or  animal  nature  f .  A  moment^s  reflection,  how- 
ever, on  the  amilarity  between  the  elementary  substances,  of 
which  all  organized  bodies  are  composed,  will  not  fail  to 
induce  us  to  amga  to  them  a  common  origin.  All  the 
larger  animals  feed  an  the  remains  of  animals  and  vege- 
tables, while  the  plants  feed  on  the  juices  of  the  saiL  But 
we  are  utterly  ignorant  of  the  particular  state  of  combina- 
tion, in  which  the  atoms  of  the  nourishing  substances  may 


*  M  Tfrodnium  BoUnicnm  Edinbnigawe,"  £din.  Svo.  17^ ;— «  work 
whkh  may  still  be  penued  with  advanttge  bj  tlie  student  of  botany* 

t  Smith's  Introduction  to  Botany,  p.  5. 
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in,  at  the  time  of  the  abecnrption  by  animals  or  plants.  We 
know,  that  upon  bdng  absorbed,  they  enter  into  combina- 
tions  depending  on  the  living  prindple ;  but  ^ere  is  the 
{m)or,  that  animals  can  form  new  combinations  only  from 
those  bodies  already  in  living  union  f  The  Cheese  Mite 
and  the  Blue  Mould,  are  both  supported  by  the  same  food ; 
and  the  observation  applies  to  many  dung-beetles  and  mush- 
rooms.  How  many  plants  and  animals  appear  to  subsist 
on  water  only  ? 

In  the  course  of  the  preceding  observations,  we  have  at- 
tempted to  mark  the  characters  by  which  plants  and  ani- 
mals may  be  distinguished  from  each  other.  Instead  of 
giving  a  definition  of  these  organized  beings,  in  order  to 
draw  the  line  of  separation,  we  have  preferred  a  description 
in  detail.  Many  of  the  definitions  which  have  been  given, 
do  not  embrace  all  the  species  of  the  two  classes,  but  serve 
to  diaraoterize  the  largest  and  most  perfect  merely.  They 
indicate  a  limited  acquaintance  with  the  extensive  range 
of  living  beings.     Such  are  the  definitions  of  Theophras- 

TUS,  JUNGIUS,  TOUBNEFORT,  PoNTEDXRA,  LtmWTG,  BoSf- 

HAAVE,  LiKNJEUs  and  MiRBEL ;  which  do  not  surpass  in 
point  of  clearness  or  acuteness,  the  discriminations  of  Aris- 
totle :  From  this  last  naturalist  nearly  all  of  them  appear 
to  have  derived  their  origin. 


CHAP.  IV, 

ON  THE  POIITY  OF  NATURE. 

Having,  in  the  preceding  chapter,  taken  a  general  view 
of  the  constitution  of  those  great  classes  into  which  the  crea- 
tures  of  this  Globe  may  be  divided,  we  come  now  to  trace 
the  relation  in  which  these  classes  stand  to  one  another ;  or 
to  examine  what  has  been  termed  the  Poiity  ofNakire^ 
vol..  I.  n 
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When  we  attentiTdy  cooadsr  the  present  coaditkn  of 
the  iiiQif;amc  kiBgdom,  it  will  appear  obvious^  that  the  ooo- 
tiniiapoe  of  its  exiateDoe  and  ammgemeot  does  not  depend 
on  the  presence  of  organized  beings.  Independent  of  its 
vegetable  covering,  of  the  animab  by  which  it  is  pec^ded, 
and  of  man  himself,  thb  globe  eould  still  revolve  in  its  or- 
bity  and  act  its  part  in  the  soliur  system,  thou^  naked, 
alent  and  lifeless.  Changes  would,  indeed,  take  place  oo 
its  surface,  in  consequence  of  the  laws  of  chemistry  and 
mecbanios^  and  independent  of  the  aid  of  living  bodies. 
The  prooment  parts  would  be  wwn  down ;  the  Ixdkws 
would  be  filled  up ;  and  itaoQtfine  would  aisume  an  indins- 
tion  every  where  at  right  «ngles  with  the  direction  of  gn- 
vity.  These  changes  have,  in  part,  been  aecompJiahed ; 
and  have  impressed  on  the  different  strata  the  peculiar  cba- 
lacters  of  their  structure  and  superposition. 

The  organized  kingdom,  on  the  other  hand,  could  not  ex- 
istalone*  The  bei^gB  of  which  it  is  composed  may  be  con- 
sidered mB  the  paraates  of  this  planet,  and  d^iend  on  its 
.  piesiuit  movements  for  the  exercise  of  their  functioiis.  Were 
the  earth  to  approach  nearer  the  min,  or  recede  to  a  greater 
distance,  organiaed  eKistence  would  be  destroyed,  by  the 
mere  change  of  temperature. 

The  presence  of  the  inorganic  kingdom,  is  necessary  to 
the  existence  both  of  plants  and  animals,  as  furnishing  them 
with  the  elements  of  thdr  ccHnpodtion,  and  a  place  of  resi- 
dence. Plants  may  be  considereda^  more  immediatdiy  de- 
pendent on  the  inorganic  kingdom  than  J^iwiAln,  Their 
attachment  to  the  soil  is  more  obvious;  and  the  changes 
which  take  place  in  its  condition,  exert  a  more  direct  influ- 
ence over  them.  The  lichens  cover  the  exposed  surface  of 
Ae  rock ;  and,  by  the  retention  of  moisture,  aooderate  its 
decompoaition.  The  humsm  next  estaUiah  themselves  in 
the  hoibwa  and  crevices;  and,  by  degrees,  prepare  a  soil  for 
the  9kmenifiroui  vegetables.    These  bust  attempt  to  esta^ 
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Uiflh  themsdves  in  such  a  muoKr^  ks  in  banish  to  the  still 
burneti  distdcts  4he  firstfiibricatfors  bf  thw  soil  The  most 
pecftet  jiMMB  atey  in  genend,  independent  of  the  Ammal 
Kii^;doin,  ^r-aUe to vuboit'withoiEk  their prei^^  The 
members  of  that  great  family,  indeed,  are  their  enemies  ra- 
ther than  their  friends.  ^ 

The  aHimal^  is,  in  a  great  nkeakire^  dependent  on  the 
vegetable  kingdffm  foti  food  andahdtear.  Some  animals  live 
directty  oil  jdants^  as  their  only  tiouridiment,  others  live  on 
the  flesh  of  oAer  animals,  iMtthese  lastare^  in  general,  sup- 
ported by -vegetable  food.  -Hence, ^^nne  may  assert  with  con- 
fidence, that  if  the  y^^etable  IdngdtHirwere  to  perish,  the  ex- 
tinction of  Mfe,  in  the  mareperfiectanimalfa  at  least,  would 
inevitaMy  foSow.  Some  of  the  less  fJnfect  animals  are  moie 
independcsa  in<  their  condilion..' The  jg^fMOria  appear  to 
subsist'fay  dttcomposbig Mrater.  -  They,  however,  prepare  a 
^tMe^ti^pM  kt^tm  anmita$$'moA  and 

tiies^,  ill'  thdor  tuni,'iaontrilMBfte  to  support  the  vertebral 
raees.  >  In  boidrkingdomfi^  therefore^  the  smallest  and  most 
obtfcnre  spades  are  subservient  to  the  wd£ue  of  those 
which  aref  larger  alid  more  pesAct 

In  viewing  the  relation  of  these  great  classes  of  beings  to 
one  another,  we  percdve  an  adhnirable  adaptation  of  means, 
to  the  esfflbHshment  and  continuance*  of  the  present  order 
of  things.  The  surface  of  our  globe  exhibits  a  great  varie- 
ty of  9&»d^fdfi  for  the  rendence  of  plants.  Part  is  occupied 
by  land,  and  part  is  covered  with  water.  The  land  varies, 
in  composition  and  moisture;  the  water- in  its  contents  and 
motion ;  and  both  vaiy  in  their  temperature.  But  however 
diffident  these  situations  appear  to  be,  there  are  plants  pe- 
culiarly adapted  fer  each»  in  which  they  flourish  with  the 
greatest  idgour,  and  where  they  are  only  restrained  within 
fixed  limits,  by  the  physical  characters  of  their  station. 

The  cottditicm  of  the  Earth,  which  thus  presents  different 
situations  for  the  species  of  the  V^etable  Kingdom,  influen- 
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ces  the  qpecies  of  the  Animal  Kingdom  in  a  similar  manner. 
But  animats  are  not  only  dependoit  on  the  phyffical  char- 
acter of  their  Haiion,  hut  on  the  presence  of  those  v^etfr- 
Ues  on  which  they  subsist,  whether  directly  or  indirectly. 
In  the  existing  arrangements,  animals  are  distributed^  with 
regard  to  plants,  in  such  a  manner,  asthat  asupfdy  of  food 
may  be  readily  obtained ;  limited,  however,  so  as  to  prevent 
the  excessive  increase  of  any  particular  species.  In  their 
turn,  animals  influence  the  growth  of  jdants,  by  keepng 
many  species  within  due  bounds,  and  by  assisting  the  dis- 
semination and  nourishment  of  others.  But  amidst  this 
variety  of  actiopand  reacdon,andjof  temporary  derangementi 
drcumstances  always  arise,  by  which  irregularities  are  chedc- 
ed,  losses  compensated,  and  the  balance  of  life  preserved. 

LiNNiBUs,  from  the  oontdnplation  of  this  subject,  con- 
cluded, contrary  to  the  generally  received  opinion,  that^ani- 
mals  were  created  on  account  of  plants,  not  (dants  on  ac- 
count of  animals.  The  defence  of  this  opinion  rests  on  the 
ocmsideration,  of  animals  having  oq;ans  suited  to  cut  and 
bruise  vqjetables  as  food,  and  by  these  operations,  some- 
times contributing  to  preserve  an  equal  proportion  among 
the  species  $  and  on  the  following  reasoning,— that  the  iron 
was  not  made  for  the  hammer,  but  the  hammer  for  the 
irout^the  ground  not  for  the  plough,  but  the  plough  for 
the  ground,-ip-the  meadow  not  for  the  scythe,  but  the 
scythe  for  the  meadow  *.  The  exclusive  ccmsidafBtimi  of 
the  indirect  consequences  of  the  actiims  of  animals,  has  ob- 
viously betrayed  LiKNiBUs  into  this  ojnnion.  That  it  is 
erroneous,  may  be  easily  demonstrated,  by  the  employment 
of  his  own  method  of  reasoning.  Plants,  we  know,  are 
furnished  with  roots  to  penetrate  the  soil  for  nouriahmoit  and 
support ;  and  fidies  have  finsadapted  tar  swimming.  Now, 
if  the  schI  was  not  made  for  plants,  but  plants  for  the  aoil ; 

*  *•  AiDffiiitfitcs  AcademkiCf*'  vol.  vi.  p.  S2. 
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if  the  sea  was  not  made  for  fish,  but  fish  for  the  sea,  then, 
instead  of  considering  animals  as  created  on  account  of 
plants,  we  must  draw  the  mortifying  conduaon,  that  both 
animals  and  v^etables  were  created  on  account  of  inorgan>- 
ic  matter ;  the  living  for  the  sake  of  the  dead. 

AU  that  we  know  with  certiunty  on  the  subject,  amounts 
tothis,  That  the  organized  kingd<»n  is  dependent  on  the  inor- 
ganic; that  animals  are  greatly  dependent  on  vegetables,  and 
that  the  different  tribes  in  each  kingdom  have  determinate 
mutual  relations.  Judg^g  from  the  mode  c^  action  pecu- 
liar to  the  species  of  each  kingdom,  we  are  led  to  conclude, 
that  v^etables  are  superior  in  the  scale  of  bdng  to  mine- 
rals ;  that  aiumals  are  superior  plants ;  and  that  they  con- 
stitute a  harmonious  whole,  in  which  the  marks  of  power, 
wisdom  and  goodness,  are  every  where  conspicuous. 


CHAP.  V. 

ON  THK  SUBStANCfeS    WHICH    EKTEB    INTO   THE   COMPOSI* 
TION  OF  THE  BODIES 'OF  ANIMALS. 

Although  the  attention  of  many  emment  chemists  has 
been  directed  to  the  examination  of  the  compoation  of  ani- 
mal bodies,  a  great  deal  remains  undetermined,  in  this 
difficult  department  of  experimental  research.  The  ele- 
mentary prindples  which  occur  in  the  Animal  Kingdom, 
have  been  ascertained  with  considerable  preciaon ;  but-the 
Innary,  ternary,  or  other  compounds  which  these  form, 
have  not  been  investigated  with  so  much  success.  As  these 
varioua  ingredients  are  brought  into  union  in  the  animal 
system,  by  the  agency  of  the  vital  principle,  their  state  of 
comlniiation  may  be  expected  to  differ  widely  from  the  or- 
dinary results  of  elective  attraction.  When  such  com- 
pounds of  organization  are  submitted  to  analysis,  the  in- 
fluence of  the  vital  principle  having  ceased,  the  products 
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obtained,  may  be  r^arded  in  many  cases  as  modifications 
of  the  elements  of  the  ^idbstanoe,  occaskmed  by  the  pfoeess- 
es  employed,  rather  than  4he  display  of  the  aumber  or  na- 
ture of  die  ingredients  as  tbay  existed  previous  to  die  ans- 
lydcal  operadons.  Errors,  i»«  looow,  am  to  be  guarded 
against  in  the  analysis  of  nwiend  waters,  arisng  irom  oom- 
binadons  taking  f^aeedttrii^  the  i»«oe8%  wMieh  did  not 
exist  in  the  compoundfMtevious  to  analysM^.  Hmt  much 
more  necessary  is  it,  to  eieendse  caption  m  drawing 
our  conclusions  imfflrdj^g  the  compoeidoft  of  aninud  bo- 
dies? 

In  this  secddn  I  ahall  enumerate  the  elementary  bodies, 
which  are  considered  as  enUmg  into  the  oomposiiiM  of  die 
parts  of  animals,  and  then  consider  the  comfanudons  whidi 
these  form,  or  the  eubstanoes  in  which  th^  haye  been 
detected. 

I.  Elementary  Substances. 

1.  Carbon.— This  substance  exists  in  various  states  of 
combinadon,  in  the  fluids  as  well  as  the  solids  of  every  ani- 
mal. It  has  never  been  detected  in  a  separate  state  in  any 
animal  substance.  In  the  lungs,  however,  it  appears  to 
occur  in  the  form  of  charcoal,  according  to  the  observations 
of  Dr  Pearson  f .  The  lungs,  in  youth,  are  light  colour- 
ed ;  but  they  increase  in  darkness  with  age,  and  in  old 
persons  they  are  nearly  Uack.  This  change  of  colour  is 
produced,  by  the  deposition  of  charcoal  in  the  cells  of  the 
lungs,  and  the  bronchial  glands.     Dr  Pea&son  considers 


*  See  Dr  Murmat^s  valu^e  pi^per.   <«  An  Anelytte  ef  flea^water." 
Edin.  Trans,  fol.  vilL  p.  20d 

t  **  On  the  Col<Hiring  Matter  of  the  Black  Bronchial  Glands,  and  of  the 
fiJack  SpotH  €f  the  Lungs.*'     PhlL  Trans.  lUS^  p.  159. 
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this  substance  as  derived  from  the  sooty  matter  from  ooal, 
mixed  with  the  air  in^ired.  If  this  change  to  blackness, 
occurs  only  in  the  lungs  of  the  aged  inhalntants  of  cities,  the 
explanation  here  orfFered  must  appear  plausible ;  but  if  the 
same  change  takes  place  in  the  lungs  of  those  who  live  cliiefly 
in  the  open  air,  and  in  the  country,  we  should  be  disposed 
to  connder  the  charcoal  not  as  a  foreign  body,  but  as  a 
morbid  secretion  of  the  organs  of  respiration. 

When  animal  substances  are  exposed  to  a  high  temper- 
ature in  closed  vessels,  the  charcoal  which  is  produced, 
differs  considerably  from  that  which  is  obtained  by  the  same 
means  from  v^etables.  It  is  more  glossy  in  appearance, 
and  is  indnerated  with  much  greater  difficulty. 

^Hydrogen. — This  gaseous  element  is  universally  ditf- 
tributed  in  the  Animal  Kingdom.  It  occurs  as  a  constitu- 
ent ingredient  of  all  the  fluids,  and  of  many  of  the  solids. 
It  is  invariably  in  a  state  of  combination  with  charcoal; 
for,  as  far  as  we  know,  it  has  never  been  detected  in  an  un- 
combined  or  separate  state.  It  has  been  found  in  the  hu- 
man intestines,  in  the  form  of  carburetted  hydrogen. 

8.  Oxygen, — This  principle  is  equally  widely  distributed 
with  the  preceding,  in  the  fluids  and  solids  of  animals.  A 
constant  supply  of  it  from  the  atmosphere  is  indispensably 
necessary  to  the  continuance  of  animal  life.  It  occurs,  not 
only  in  combination  with  other  bo(£es,  but  probably  like- 
wise m  a  separate  state,  in  the  air-bag  of  fishes,  in  which  it 
is  found  varying  in  quantity,  according  to  the  spedes,  and 
the  depth  at  which  the  fishes  have  been  caught.  It  is 
common,  in  union  with  charcoal,  forming  carbonic  add. 
This  acid  was  first  detected  by  Peoust,  in  an  uncombined 
state,  in  urine,  and  by  Vogel,  in  Uood.  The  latter  che- 
mist ^  put  a  quantity  of  fresh  urine  into  a  glass  flask,  to 
which  was  held  a  bent  glass  tube,  the  mouth  of  which  dip- 
ped into  a  vessel  containing  fime- water.     This  apparatus 
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being  put  under  the  receiTer  of  an  air-pump^  the  air  was 
slowly  exhausted.  A  great  quantity  of  air  bubbles  issued 
from  the  unne,  and  the  lime-water  became  milky^  indica- 
ting the  extraction  of  carbonic  acid  gas  \'^  By  a  simikr 
process,  it  was  obtained  from  blood.  Whai  jm^ior  precau- 
tions were  used,  Daiiwin  could  not  detect  any  air  either  in 
blood,  urine,  or  bile,  by  the  aid  of  the  air^ump.  The  car*^ 
bonic  add  appeared,  however,  when  these  fluids  had  been 
exposed  to  the  air,  and  seemed  to  be  generated  in  ooose- 
quence  of  the  removal  of  atmospheric  pressure  "I*.  Carbo- 
nic acid  gas  is  likewise  found  in  the  intestines  of  quadru- 
peds; but  it  chiefly  exists  in  animal  bodies,  in  comlmiatian 
with  the  alkalies  or  earths.  It  is  likewise  emitted  by  all 
animals  in  the  act  of  respiration. 

4  Azote. — This  gas  is  very  widely  distributed  as  a  com- 
ponent part  of  animal  substances.  It  occurs  in  almost  all 
the  fluids,  and  in  those  solid  parts  which  have  carbon  as 
a  base.  The  almost  universal  preval^ice  of  this  princi- 
ple in  animal  substances,  constitutes  one  of  the  moat  oer* 
tain  marks  by  which  they  may  be  distinguished  fr^m  vege- 
tables. Azote  likewise  occurs,  in  an  unoombined  state^  in 
the  air-bng  of  some  fishes.  It  was  first  detected  as  a  secre- 
tion, by  Dr  Peiestley  in  the  air-beg  of  the  roach. 

5.  Photphonts.'^This  inflammable  body  exists,  in  unicm 
with  oxygen,  in  the  state  of  phosphoric  add,  in  many  <^ 
the  solids  and  fluids  of  animals.  Its  existmce,  however,  in 
an  uncombuied  state,  has  not  been  satisfactorily  determined, 
although  there  appears  a  tendency  to  refer  the  luminousness 
of  several  animals  to  the* slow  combusUon  of  this  substance. 
£ven  phosphoric  add  can  scarcely  be  said  to  exist  in  a  se- 
parate state,  being  found  in  oombinati<m  with  potash,  soda, 
(immonia,  lime,  or  magnesia. 

•  Annals  of  Philonophy,  vii.  p.  56.  f  PW^  twns.  1774,  p^  345. 
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6.  SulfhuT.'^la  combinatioa  with  other  bodiesf  stilphur 
exists  in  considerable  abundance  in  animal  8ub8tu)ce&  It 
can  scarcely  be  said  to  occur  in  a  separate  state  in  animals ; 
at  least  the  expariments  which  may  be  quoted  as  encourag- 
ing such  a  supposdtiony  are  by  no  means  decisive.  United 
with  oxygen,  in  the  form  of  sulphuric  acid,  it  exists  in  com- 
Ixnatioa  with  potash,  soda,  and  lime* 

7.  Fluoric  Acid. — ^Berzblius  has  detected  this  add  in 
bones  and  in  urine,  in  a  state  of  combination  with  lime*. 

8.  Muriatic  Jcid. — This  acid  exists,  in  combination  with 
an  alkali,  in  a  great  number  of  the  animal  fluids^  as  with 
soda  and  ammonia  in  urine.  I  have  observed,  that  sew&tii 
spedes  of  the  genus  Julus,  when  taken  by  the  hand,  emit 
an  odour  so  much  resembling  this  acid,  as  to  render  the 
opinion  probable,  that  they  secrete  it,  when  irritated,  in  a 
free  state. 

9.  /odifi^.— This  interesting  substance  has  be«n  obtmned 
by  Dr  Fyfe  f ,  from  the  residue  of  the  incineration  of  the 
oommon  sponge  of  the  shops.  The  water  in  which  sponge 
had  been  infused,  and  which,  consequently,  contained  its 
gelatinous  ingredient,  yielded  no  traces  of  it  The  porftioa 
which  remained,  after  infudon  in  water,  or  its  albuminous 
part,  afforded,  after  bdng  burnt  to  ashes,  distinct  traces  of 
its  existence.  We  may  ccmclude,  therefore,  that  the  iodine 
is  in  combination  with  the  albumen  or  insoluble  porticm. 
In  the  sea-weeds,  on  the  other  hand,  the  portion  which  is 
soluble  in  water  contains  the  iodine ;  thereby  fiumishing  a 
very  striking  point  of  difference  in  its  mode  of  cemUnatieB 
in  the  V^;etable  and  Animal  Kingdoms. 

10^  FotojA.*^This  alkali  exists  in  combination  with  the 
sulphuric,  muriatic,  or  phosphoric  adds ;  but  it  is  fiur  from 

*  Annals  of  Philosophy,  \L  p.  416. 

-f  ♦*  On  the  Plants  from  which  lodinp  can  be  procured.**-*Edin,  PhiL 
jounu  i.  256. 
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abundant  in  animal  fluids.  It  is  much  more  common  in 
the  vegetable  kingdom,  espedally  in  land  plants. 

11.  Soda.'^Thk  alkali  is  present  in  aD  the  fluids  in  va- 
rious states  of  combination,  and  is  more  abundant  than  the 
preceding.  It  gives  to  many  of  the  secretions  the  alkaline 
property  of  changing  vegetable  blues  into  green.  It  is 
found  in  union  with  ihe  carbonic,  phosphoric,  sulphuric, 
and  muriatic  acids. 

IS.  Ammonia. — ^As  the  elements  of  this  alkali  exist  in  all 
the  fluids,  and  many  of  the  solids  of  animals,  it  is  frequently 
produced  during  putrefaction,  and  the  decompositions  of 
analysis.  These  elements  are  likewise  found  united  in  the 
sysl^,  and  the  alkali  then  appears  in  unbn  with  the  va^ 
rious  adds,  as  the  phosjdioric,  muriatic,  and  lactic. 

15.  Ztine.^-This  earth,  of  which  the  hard  parts  of  ani- 
mals, such  as  bones  and  shells,  are  chiefly  composed,  is  of 
universal  occurrence.  It  is  always  in  a  state  of  combina- 
tion,  and  chiefly  with  the  carbonic  or  phosphoric  adds. 

14.  MagncM.'^In  the  animal  system,  this  earth  occurs 
sparingly.  It  has  been  detected  in  the  bones,  blood,  and 
aome  other  substances,  but  always  in  smaH  quantity,  and 
diiefly  in  union  with  phosphoric  add. 

16.  SUka^^^This  earth  occurs  stiH  more  sparingly  than 
the  preceding.  It  is  found  in  the  hair,  urine^  and  urinary 
calculi. 

16.  Iron. — ^The  existence  of  iron  has  hitherto  only  been 
detected  in  the  colouring  matter  of  the  blood,  in  bile,  and 
in  milk.  Its  peculiar  state  of  comlnnation  m  the  bleed,  has 
given  rise  to  various  conjectures ;  but  a  satisfactory  solu^on 
of  the  question  has  not  as  yet  been  obtained.  In  milk,  it 
^ippeavB  to  \>e  in  the  state  of  phosphate. 

17.  Manganese. — ^The  oxide  of  this  metal  has  beqn  ob- 
served, along  witli  iron,  in  the  ashes  of  hair,  by  Vaucius- 
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These  ample  substances  have  been  detected  by  chemists 
in  the  solids  and  fluids  of  animals ;  but  seldom,  as  we  have 
said,  in  a  free  state.  Many  of  them  comlffiie,  in  such  va- 
rious proportions,  that  it  is  extremely  difficult  to  determine 
their  true  condition,  or  fix  the  character'  of  th^r  natural 
and  permanent  results.  Without  entering  mto  detail,  ire 
shall  briefly  enumerate  these  various  compounds*;  the  me- 
thods  of  procuring  them  in  a  separate  state ;  the  characters 
by  which  they  are  distinguished ;  and  thrir  uses  in  the  ani- 
mal economy. 

II.  Compounds  of  Obgakizatiok. 

1.  Gelaiine, — ^This  substance  occurs,  in  neariy  a  pure 
state,  fermiifg  the  air-bag  of  diflerent  kinds  of  fishes,  and 
well  known  in  commerce  under  the  name  iringlasi.  When 
in  a  dry  state,  it  is  colourless  and  tranduoent ;  yidds  with 
difficulty  to  the  knife ;  and,  upon  bdng  biokai,  exhHxts* 
a  resinous  lustre,  and  conchoidal  fracture. 

When  thrown  into  cold  water,  it  becomes  soft  and  in- 
creases in  bulk,  but  does  not  readily  dissolve.  Hot  water 
dissolves  it  in  large  quantities.  The  solntion  is  translu- 
cent ;  of  an  opal  colour;  and  gelatiiiises  as  it  becomes  cdd.' 
In  this  state  it  is  well  known  by  the  taame  cf  Jelfy.  Che-' 
nusts  term  it  tremulous  gdaime.  When  in  a  diy  stat^  ge- 
latine may  be  kept  for  any  length  of  time;  but,  when  thna 
united  with  water,  it  very  soon  putrifles.  Speotaens  pfo^ 
cured  from  difierent  substances,  appear  to  vary  consi* 
dcrably,  even  in  the  dried  state,  in  the  quantity  cS 
water  which  they  retrai.  Those  which  contam  the  great- 
est  quantity  form  the  least  visod  solutions;  whik  those 
whidi  contain  the  'leasts  ferm  solutions  wUdi*  are  stroiig 
and  tenacious.  Acids  dissolve  this  substance  widi  faoKty, 
and  form  compounds  whose  properties  have  not  been  et»- 
mined-^  with  much  care.      Alkalies  likewise  dissolve  it 
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leadily,  espectally  vhen  anisted  by  heat.  It  is  insoluUe  in 
aloohol. 

Ikt  TuoHsoK  found  that  a  oonoentrauid  solution  c^  gd^ 
tine,  yielded,  with  nitro-muriatc  of  gold,  a  oopous  yellow- 
ifll^white  precipitatei  aoluhle  by  adding  water ;  and,  with  ni- 
trate of  mocufy,  a  very  copious  curdy  jH^pitate. 

When  a  solution  of  tannin  is  dn^t  into  a  aoluticm  of  ge- 
latine, an  union  takes  place,  and  an  insoluble  precipitace, 
of  a  whitish  colour,  ftlls  to  the  bottom.  It  is  on  the 
union  of  the  tannin  of  the  oak  hark  with  the  gelatine  of  the 
hides,  that  the  process  of  tanning  leather  depends. 

When  exposed  to  the  destructiTe  distillation,  it  yields  a 
watery  liquor,  impregnated  with  ammodia,  a  fetid  oil,  and 
a  bulky  charcoal,  which,  by  incineration,  gives  obvious 
traces  of  phosphate  of  lime,  and  phosphate  of  soda.  It 
consists  of  carbon,  hydrogen,  oxygen,  and  azote,  in  propor* 
lions  whidi  have  not  been  satisfactorily  determined. 

Gelatine  exists  in  abundance  in  the  different  parts  of  ani« 
mals,  as  bones,  muscles,  skin,  ligaments,  memlmuies,  and 
bkiod.  It  is  obtained  from  these  substances,  by  boiling 
them  in  warm  water;  removing  the  impurities,  by  skim* 
ming,  as  they  rise  to  the  surface ;  or  by  subsequent  strain- 
ing  and  clarifying.  It  is  then  healed  to  a  proper  conns, 
tency.  It  is  the  characteristic  ingredient  of  tlie  softest  and 
most  flesdble  parts  of  animals. 

It  is  extennvely  used  in  the  arts,  under  the  names  Glue 
and  Size,  on  account  of  its  adhesive  quality,  and  to  give 
die  requifflte  stiffness  to  certain  articles  of  manu£su:ture.  In 
domestic  economy,  it  is  likewise  employed  in  the  form  of 
jelly,  and  in  the  fbrmation  of  various  kinds  of  soup.  What 
is  termed  Poriabk  Soup  is  merely  jelly,  which  has  been 
dried,  having  been  previously  seasoned,  according  to  the 
taste,  with  different  spices. 

8.  Albumen, — This  substance  derives  its  name  from  the 
Latin  term  for  the  white  of  an  ^g,  that  liquid  being  con- 
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eidered  as  albumen  in  as  pure  a  state  as  it  has  hitherto  been 
obtained. 

It  is  a  colourless  viscid  fluid.  When  dried  at  a  low  tern* 
perature,  it  loses  four-fifkhs  of  its  weight,  and  assumes  the 
appearance  of  dried  gelatine,  possesang,  however,  a  greater 
degree  of  transparency. 

It  is  readily  soluble  in  cold  water,  and  the  solution 
changes  vegetable  blues  into  green.  When  the  solution  is 
heated  to  166"^  Fahr.  the  albumen  coagulates  into  a  white 
mass,  of  conaderable  conastence,  which  possesses  peculiar 
properties,  to  be  taken  notice  of  afterwards.  When  aHbu* 
men  is  in  a  dried  or  coagulated  state,  it  will  continue  uik 
changed  for  a  great  length  of  time ;  but,  when  in  a  liquid 
state,  it  soon  putriiSes.  During  this  process,  silver  is  black* 
ened  when  brought  in  contact  with  it,  and  the  smell  like- 
wise indicates  the  presence  of  sulphuretted  hydrogen.  The 
mineral  acids,  alcohol  and  ether,  when  poured  into  a  solu^ 
tion  of  albumen,  coagulate  it,  in  same  manner  as  heal 
The  alkalies  and  earths  produce  no  change.  The  metallic 
salts  likewise  occaoon  copious  precipitates.  Dr  Bostocx 
(bund,  that  a  drop  of  the  saturated  solution  of  oxj^muriate 
of  mercury,  falling  into  water  oontaimng  ^jf^jfth  part  of  its 
weight  of  fdbumen,  produced  an  evident  milkiness. 

When  a  solution  of  tannin  is  poured  into  liquid  albumen, 
aco[Hous  yellow  prdbipitate  falls  down,  of  the  consistency 
of  pitch,  and  insoluble  in  water ;  which  is  formed  by  the 
union  of  the  two  substances. 

Coagulaied  Albumen  was  first  examined  with  care  by  the 
odebrated  Hatchett  * ;  and  several  additions  have  been 
made  to  its  history  by  Link  -f. 

It  is  insoluble  in  water,  unless  when  long  exposed  to  its 
influence ;  and,  even  then,  only  a  small  portion  is  taken  up^ 

•  PhiU  Trans.  ISOa  f  Annals  of  PhlL  yii.  i6S. 
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in  a  state  in  which  it  a{qpe«r8  inctqwble  of  combining  with 
tannin. 

It  h  likewise  inscduble  in  akdxil ;  but^.ti^ieii  that  liquid 
ps.allpwed  to  slmid  upon  it,  co:  to  be  boUed  along  with  it,  it 
becomes  nwddy^  With  su^uric  aeid,  a  brownish-yellow 
solution  is  obtained,  fix>m  which  the  aUminen  is  precipitated 
by  the  addition  of  witfer.  Nitric  and  muiiatic  adds,  when 
assisted  by  beat,  likewise, disserve  it^  the  former  changing 
it  into  gdatine.  Acetic  acid  has  no  effect  upon  it,  either 
hot  or  cold. 

Caustic  soda  and  potash  (fisscdve  albumen,  when  assist- 
^  by  heat,  and  form  compounds  resembling  soap.  Am- 
monm  produees  no  effect  190a  it 

It  is  oottsiderad  as  consistiog  of  carbon,  hydrogen,  azote, 
and  oxygen,  (the  azote  in  greater  quantity  than  ingelatine^) 
nth  traces  of  soda  and  sulphun 

Albumen  exists  in  gteat  abundance,  both  in  a  coagulated 
and  liquidstaie^  in  the  different  pairts  ^of  animals.  Hair, 
nails,  and  horn  are  composed  of  it  It  appears  likewise  as 
a  CQOStituflDt  of  txMie  and  shells ;  and  tbexe  aie  few  of  the 
fluid  or  soft.parfts  c£  animals,  in  which  it  does  not  exist  in 
abundance.  VfhBt  has  hitherto  been,  termed  the  Rerin  cf 
Bikf  is,  according  to  BxasBiaus^  analqgaus  to  albumen. 

Albumen  is  eoolensively  used  in  the  arts.  When  spread 
thin  on  any  body,  it  soon  dries,  and  forms  a  ooatmg  of  var- 
nish. Its  adhesive  power  is  likewise  consideiable.  When 
rubbed  on  leather,  it  encreases  its  suppleness.  But  its  chirf 
use  is  indaiifying  liquorSb  For  thispurpose,  any  substance 
abounding  in  albumen,  as  the  white  of  eggs,  or  the  serum  cf 
Uood,  is  mixed  with  the  liquid,  and  the  whdie  heated  to 
near  tbe  boiling  point  The  albumen  coagulates,  and  fisJls 
to  the  bottom,  carrying  along  with  it  the  impurities  which 
were  suspended  in  the  fluid,  and  which  rendered  it  muddy. 
If  the  liquor  contains  alcohol,  the  application  of  heat  is  un- 
necessary. 
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8.  Fifrrm.— This  substance  is  usually  procured  for  exa- 
mination, fiom  blood  or  muscle.  From  the  former  it  is 
obtained,  by  repeatedly  washing  the  coagulated  part  which 
appears  after  blood  drawn  from  an  animal  has  been  allowed 
to  rest,  until  the  water  ceases  to  extract  any  thing  soluble; 
that  which  remains  is  the  fibrin.  Muscle  yields  this  sub- 
stance ^ifter  repeated  macerations  in  water,  the  mass  being 
fiequently  subjected  to  pressure,  in  order  to  expel  the 
blood  and  other  fluids  frmn  the  pores. 

Fibrin  is  of  a  white  colour,  and  soft  and  elastic,  previous 
to  its  bang  dried.  It  powerfully  resists  putrefaction,  and 
may  be  kept  under  water  for  a  great  length  of  time,  with- 
out undergoing  any  change.  It  is  insoluble  in  cold  water: 
In  boiling  wator,  it  curls  up,  and,  after  the  ebullifion  has 
ceased  some  hours,  the  water  acquires  a  milky  hue.  A 
portion  of  the  fibrin  has  been  dissolved,  which  produces, 
by  the  addition  of  tannin^  a  predpitate  of  white  flocculi. 
Strong  alodiol  and  ether  partially  decompose  it,  converting 
it  into  an  adipociious  matter. 

Acids  dissolve  flbrm  direcdy,  or  alter  its  nature  so  as  to 
render  it  soluble  in  IxHling  water.  Acetic  acid  dissolves 
it  entirely,  and  the  scdution  has  the  appearance  of  jelly. 
With  the  alkalies,  fibrin  readily  combines,  and,  according 
to  BsKzxLius  *,  the  compound  bears  no  resemblance  to 
soap.  From  'the  alkaline  section,  the  fibrin  is  thrown 
down  m  a  more  of  less  altered  state  by  the  addition  of 
acids. 

When  exposed  to  the  destructive  distiUatkm,  it  curls  up^ 
then  melts,  gives  out  wafeer,  carbonate  of  ammonia,  acetic 
and  carbonic  adds,  a  fetid  oil,  and  carburetted  hydrogen 
gas,  indicating  the  presence  of  nearly  the  same  ingredients 
as  enter  into  tfie  composition  of  albumen.    The  charcoal 

Annab  of  Phfl.  iL  p.  83. 
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which  remains  is .  more  copious  than  that  wfaidi  is  left  by 
the  two  preceding  substances.  It  is  incinerated  with  difficul- 
ty, as  a  glassy  coating  forms  on  its  surface,  and  excludes  the 
action  of  the  air.  The  residue  consists  of  the  phosphate  of 
soda  and  lime,  together  with  carbonate  fof  lime.  Fibrin 
we  have  seen,  exists  in  the  blood,  and  was  formerly  caller 
the  fibrous  part  of  the  blood.  It  likewise  exists  in  all 
muscles,  forming  the  essential  part  or  basis  of  these  organs. 
It  exhibits  many  remarkable  varieties,  as  it  appears  in  the 
flesh  of  quadrupeds,  birds  and  fishes. 

4.  Extrcu:tive,^^Vfheti  the  flesh  of  an  animal  is  boiled 
for  some  time  in  water,  the  fibrin  and  albumen  remain, 
and  the  solution  contains  the  gelatine  and  other  substances 
soluble  in  water.  If  the  solution  be  evaporated  to  dryness, 
and  treated  with  alcohol,  the  gelatine  remains  undissolved^ 
and  a  solution  of  extractive  is  obtained.  It  is  the  saponO' 
ceous  extract  of  meat  of  Rouelle,  and  the  osmaxome  of 
Thsmard. 

When  freed  from  the  alcohol  by  evaporation,  theex^ 
tractive  is  of  a  reddish-brown  colour,  semitransparent,  has 
an  acrid  taste,  and  an  odour  omilar  to  the  juice  of  meat.  It 
attracts  moisture  from  the  air,  and  becomes  soft.  It  is  so- 
luble  in  alcohol  and  water.  It  is  precipitated  by  the  in- 
fusion of  nut-galls.  YtThen  heated,  it  swells,  and  emits 
the  odour  of  burning  animal  matter.  Its  charcoal  affords 
carbonate  of  potash.  When  distilled,  it  yields  ammonia. 
Its  constituent  principles  appear  to  be  the  same  with  those 
of  the  three  preceding  substances.  According  to  Berze- 
Lius,  it  is  always  combined  with  the  lactate  of  soda*. 

Extractive  exists  in  the  muscles  of  animals,  in  thd  Uood 
and  in  the  brain.  It  communicates  the  peculiar  flavour 
of  meat  to  soups.  In  the  opinion  of  Foubcbot,  the 
brown  crust  of  roasted  meat  consists  of  it. 

•  Annals  of  Phil.  iL  p.  209. 
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The  four  substances  which  ve  have  now  enumerated^ 
ccnstitute  the  sdl  parts  of  animals,  and  enter  into  the  oonki 
position  of  the  hard  parts  and  of  the  fluids.    They  are 
readilj  distinguishable  from  one  anothet.    Extractive  alone 
is  soluble  in  alcc^l ;  gelatine  is  insoluble  in  cold,  but  so^ 
luUe  in  hot  wafer ;  albumen  is  soluble  in  odd,  and  inso- 
luble in  hot  water ;   and  fibrin  is  cqlially  insoluble  in  hot 
and  ooid  water.     They  are  variously  mixed  or  united; 
and  as  they  consist  of  the  same  elementary  principles^ 
chiefly  carbon,  hydrogen,  oxygen  and  azote,  it  is  probable 
that  they  are  cbai^^ed,  the  one  into  the  other,  in  many 
cases,  by  the  living  principle,*— a  transmutation  which  the 
chemist  has  succeeded  in  accomplishing,  and  which  may 
soon  be  of  advantage  in  the  arts.     The  ptoportion  of  car- 
bon  iqppears  to  be  least  in  gelatine,  and  greatest  in  fi- 
brin • 

The  following  substances,  which  occur  in  the  composi- 
tion of  animals,  are  not  so  exchisively  distributed,  although 
equally  entitled  to  our  attentive  consideraticm. 

5*  Mucus. — This  term  has  been  iq>pli6d  to  various  se- 
creted fluids,  ^idiose  |»operties  differ  considerably  from  one 
anotl^r.  Hence  the  greatest  uncertainty  prevails  respect- 
ing the  characters  common  to  all  kinds  of  mucus,  and  Uiose 
which  distinguish  particular  varieties  or  species..  The  fd* 
lowisg  characters  are  assigned  by  Bsbksuus  to  the  mucus 
of  the  saliva  and  of  the  nose,  which  we  shall  quote  in  his 
own  words,  for  the  purpose  of  avoiding  mistakes. 

<'  The  mucus  of  the  saliva  f  is  readily  procured  by 
mixing  saliva  with  distilled  water,  from  which  the  mucu» 

*  For  farther  illustrations  respecting  the  nature  of  gelatine,  albumen 
and  abiiti*  the  reader  is  referred  to  an  admirable  paper  hy  Hatcrbtt, 
^  ClMmfteal  Ezpertmcnts  on  Zoophytes ;  with  toDM  Obaenrations  on  the 
cominneiit  Putt  of  Membranes.**    Phil.  Trans.  1800,  p.  327. 

t  Annaia  of  Phil.  ii.  p.  390. 
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gradually  subttdes,  and  it  may  then  be  oaHected  on  the 
filter  and  washed*  In  this  state  it  is  white,  and  would 
seem  to  contmn  phosphate  of  Ume  mixed  with  it.  The 
mueus  is  quite  insoluble  in  water*;  it  beoomes  transpa- 
rent and  horny  in  the  acetic,  sulfdniric  and  muriatic  acids, 
but  does  not  dissolve  ift  them,  and  the  alkalies  separate 
nothing  from  them.  The  mucus,  therefore,  amtains  no 
earthy  phosphate,  thoughr  its  appearance  would  lead  to 
suspect  diis  eartlqr  salt  It  dissolves  in  caustic  alkali,  and 
is  again  separated  from  it  by  the  adds.  A  smdl  propor- 
tion* escspes  the  action  of  the  alkali,  but  yields  to  muriatic 
add,  and  b  not  separable  from  this  add,  by  an  ^Lcess  of 
alkdi.  The  mucus  of  the  saliva  is  very  eaaly  indnera- 
ted ;  and  though  no  phosj^bate  'of  lime  is  detected  in  it 
by  the  adds  in  its  natural  state,  a  considerable  pordcm  of 
phosphate  appears  in  the  ash  after  combustion.^ 

The  mtums  of  the  nbse  presents  the  fdlowing  pn^paiies : 
<<  Immersed  in  water,  it  imbibes  so  much  m<nsture  as  to 
become  transparent,  excepting  a  few  particles  that  remain 
opaque ;  it  may  then  be  separated  by  the  filter  from  the  rest 
of  the  water,  and  may  be  further  dried  on  Hotting  paper, 
till*  it  has  agmn  lost  nearly  the  whole  of  the  mdsture  it  had 
imbibed.  Mucus  thus  dried  will  again  absorb  water  when 
immersed  in  it,  and  resume  its  transparency  fand  this  alter- 
nate wetting  and  drying  may  be  repeated  an  indefinite 
number  of  times,  but  it  thus  gradually  beoomes  jrellowish 
and  more  resembling  pus.  Five  parts  of  recent  mucus 
absorbed  by  .95  parts  of  water,  produce  a  glairy  mass 
which  will  not  pour  from  a  vessel.  When  mucus  is  boiled 
with  water,  it  does  not  become  homy,  nor  does  it  coagu- 
late ;  the  violent  motion  of  ebullition  rends  it  in  pieces,  but 

*  Thu  was  coii8id«Nd  by  Dr  Bostock  as  albumen,  tnd  his  mucus  ap- 
pears to  be  the  Peculiar  Matter  of  the  saliva  of  Bsrzblids. 
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when  the  boiling  is  discontinued,  it  is  found  oc^ected  again 
at  the  bottom  of  the  vessel,  and  nearly  as  mucous  as  before. 
I  should  observe,  however,  that  this  mucus  naturally  oon^ 
tains  a  little  albumen,  which  must  first  be  extracted  by  cold 
water,  to  enable  the  remaining  mucus  to  exhilnt  the  above 
mentioned  appearances.  The  nasal  mucous  matter  dissolves 
in  diluted  sulphuric  acid ;  when  the  acid  is  concentrated, 
the  mucus  is  carbonized.  Nitric  acid  at  first  coagulates  it, 
a  number  of  yellow  spots  bring  dispersed  through  the  coa^ 
gulum ;  but  by  continuing  the  (Sgestion  it  softens,  and  it 
finally  dissolves  into  a  dear  yellow  liquid,  containing  none . 
of  that  yellow  substance  which  I  have  described  under 
Fibrin. 

*^  Acetous  acid  hardens  mucous  matter,  but  without  dis- 
solving it,  even  in  a  bcnlmg  heat  Caustic  alkali,  at  first, 
renders  mucous  matter  more  viscous,  and  afterwards  dia- 
solves  it  into  a  limpdd  flowing  liquid.  Tannin  coagulates 
mucus,  both  when  softened  by  the  absorption  of  water,  and 
when  dissolved  rither  in  an  acid  or  an  alkali.'*' 

This  substance  occurs  in  a  liquid  state  in  the  animal  eco- 
nomy, as  a  protecting  covering  to  difierent  oigans.  It  ne« 
eessarily  differs  in  its  qualities,  according  to  the  purposes  it 
is  destined  to  serve.  In  the  nose,  it  defends  the  organ  of 
smell  from  the  drying  influence  of  the  air, — in  the  bladder, 
it  protects  the  interior  from  the  contact  of  the  acid  urine,— 
wfaUe  it  preserves  the  gall-bladder  from  the  action  of  alka^ 
line  bile.  It  does  not  contain  any  suspended  particles  like 
the  Mood,  but  is  homogeneous  *.  When  inspissated,  it  con- 
stitutes, in  the  opinion  of  some,  the  basis  of  the  epidermis, 
hcHiis,  nails,  feathers.  But  the  diificulty  o^  obtaining  it  in 
a  pure  state,  and  the  discordant  characters  assigned  to  it  by 
different  chemists,  prevent  us  from  r(^x)sing  confidence  in 

•  Dr  YoDKo,  Annals  of  Phfl.  tL  p.  117. 
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the  accuracy  of  the  analysis  of  tliose  substances,  of  which 
it  is  considered  as  ibrming  an  essential  ingredient 

6.  Urea. — This  substance  is  usually  procured,  from  hu- 
man urine  by  tlie  fiodlowing  pvocess :  Evaporate  the  urine  to 
the  consistence  of  a  thick  syrup,  which  concretes  into  a  crys- 
talline mass  as  it  cools.  Let  this  be  treated  with  four  limes 
its  w^bt  of  alcohol,  at  different  times,  assisted  by  a  gentle 
heat,  and  the  greater  part  will  be  dissolved.  By  evaporate 
ing  this  solution  to  a  syrupy  consistence,  the  urea  rem^s, 
and,  as  it  cools,  appears  in  the  form  of  yellowish-wliit^  shin- 
ing laminae,  crosung  each  other  in  diffei^ent  direc^tioDs. 
According  to  Dr  Prout,  it  may  be  obtained  in  a  state  of 
still  greater  purity  by  the  foUowing  process:  ^  To  the  ex- 
tract of  urine  evaporated  to  the  consistence  of  a  syrup,  ni- 
tric acid  is  to  he  gradually  added  until  the  whole  is  con- 
verted to  a  crystalline  ma3S^  which  is  to  be  sUghtly  washed 
with  cold  water.  The  nitric  acid  is  then  neutralized  by  a 
solution  of  subcarbpnate  of  pot^ish  or  soda^  and  the  solution 
evaporated,  in  order  that  the  nitrate  of  potasli  or  soda  may 
crystallise,  and  be  tlius  separated.  The  fluid  which  is  left 
b  made  into  a  paste  with  animal  charcoal ;  cold  water  se- 
parates the  urea  from  this  paste  in  a  cplqurless  state ;  it 
is  to  be  evaporated  to  dryness,  and  the  mass  digested  in 
alcohol,  which  takes  up  the  urea  alone,  leaving  the  saline 
bodies  or  other  extraneous  matters ;  and  from  the  alcc^Iic 
solution,  the  urea  may  be  obtained  pure  and  in  the  crystal- 
lised state,  altbough  it  is  often  necessary  to  repeat  the  crys- 
tallisation from  the  alcohol,  two  or  three  times  *•'" 

When  prepared  according  to  this  last  method,  its  crys- 
tals assume  the  form  of  a  four-sided  prism,  transparent  and 
colourless,  with  a  slightly  pearly  lustre,  sp.  gr.  1.35.  It 
has  a  peculiar  but  qot  urinous  odour,  and  undergoes  no 

♦  Annals  of  Phil.  xi.  p.  352. 
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change  from  the  atmosphere,  except  a  slight  deliquescence 
in  veiy  damp  weather.  In  a  strong  heat  it  melts,  and  is 
partlj  decomposed,  and  partly  sublimed  without  change. 
It  is  very  soluble  in  water  and  alcohol.  The  fixed  alkalies 
and  alkaline  earths  decompose  it ;  it  unites  with  most  of  the 
metallic  oxid^,  and  forms  crystalline  compounds  with  the 
nitric  and  oxalic  acids. 

Urea  is  readily  decomposed  by  boiling  its  solution  ii^ 
water,  and  supplying  new  water  as  it  evaporates.  Carbo- 
nate of  ammonia  is  disengaged,— acetic  acid  Ls  formed,  and 
some  charcoal  precipitated.  It  is  con^dered  as  contmning 
a  greater  quantity  of  azote  than  any  of  the  anip^al  princi- 
ples already  enumerated.  Its  ingredients  have  been  vari- 
ously estimated,  owing  to  tl^e  impurity  of  the  urea,  and  the 
imperfection  of  the  art  of  analysing  aqimal  principles.  Dr 
Prout  and  M.  Bebabd  ^ve  its  contents  as  follows : 


Prout, 
Berard, 

Carbon. 

Oxygen. 

Hydrogen. 

Azote. 

Tout 

19.99 
19.40 

S6.66 
26.40 

6.66 
10.80 

46.66 
43.40 

9997 
100.00 

Urea  exists  \n  the  urine  of  the  mammalia,  when  in  a  state 
of  health.  In  the  human  subject,  it  b  less  abundant  after 
a  meal,  and  nearly  disappears  in  the  disease  caUed  Diabetes, 
and  in  affections  of  the  liver. 

7.  Sugar. — This  well  known  substance  exists  in  consi- 
derable abundance  in  milk,  and  in  the  urine  of  persons 
labouring  under  Diabetes,  In  the  latter  fluid,  it  is  to  be 
conddered  as  a  morbid  secretion  of  the  kidneys,  occupy- 
ing the  natural  situation  of  the  urea.  In  milk,  however, 
it  -exists  as  a  constituent  principle,  and  may  readily  be  ob- 
tained by  the  following  process :  Evaporate  fresh  whey  to 
the  consistence  of  honey,  dissolve  it*  in  water,  clarify  with 
the  whites  of  eggs,  and  again  evaporate   to  the  consis: 
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tence  of  syrup.  On  oooling,  white  cubical  aysiak  will 
be  obtained.  It  is  less  sweet  than  vegetable  sugar,  and 
the  empyreumatic  oil  which  it  yields  by  distillatioD,  has 
a  smell  resembling  benzoic  acid.  The  following  analjrses 
by  Gay  Lusac,  Thevard,  and  Bebzklius,  exhibit  its 
composition: 


Gay  Lnne 

■nd  Thenard. 

—*». 

Hjdrogen, 

Carbon, 

Oxygen, 

7.841 
3a825 
58.834 

7.167 
89.474 
53.859* 

According  to  Beezeliits,  it  contains  more  carbon  and  less 
oxygen  than  common  sugar.  Dr  Peout,  however,  obtain- 
ed from  diabetic  sugar,  and  sugar  of  milk,-^results  so  near- 
ly similar  to  those  afforded  by  common  sugar,  when  sub- 
mitted to  the  same  mode  of  analysis,  that  he  regards  them 
all  as  essentially  the  same  substances,  affected  a  little  in 
their  external  diaracters,  by  small  quantities  of  some  extra- 
neous substance.  He  states  the  result  as  follows :  Hydro- 
gen 6.66  +  carbon  39.99  +  oxygen  53.33  =100.00  f. 

Haney^  which  resembles  sugar  in  many  of  its  properties, 
can  scarcely  be  regarded  as  a  product  of  the  animal  king- 
dom. 

8.  OUf.— -The  different  bodies  found  in  animals,  refera- 
ble to  this  division,  vary  greatly  as  to  colour,  consistence, 
smell,  and  other  characters.  They  possess,  however,  in 
common,  the  properties  of  the  fixed  otls>  in  being  liquid, 
dther  naturally  or  when  exposed  to  a  gentle  heat,  insolu- 
ble in  water  and  alcohol,  leaving  a  greasy  stain  upon  paper, 
and  in  being  highly  combustible. 


*  Annals  of  PhiL  v.  p.  266. 


t  lb  xi.  p.  354. 
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It  18  diflicult  to  determine  whether  there  is  an  oily  prin- 
ciple^ to  which  all  the  difTerent  kinds  of  oils  owe  their  pri- 
maiy  character,  or  whether  there  are  as  njiany  different 
principles  as  there  are  species  of  oils.  The  important  ex* 
periments  of  M.  Cheveeul  "  On  Fatty  Bodies*,''  coun- 
tenance the  latter  (pinion.  The  products  of  the  saponifi- 
cation of  the  different  kinds  of  fatty  bodies,  exhibited  pecu- 
liar  characters  by  which  they  could  be  recognised,  varying 
according  to  the  substances  from  which  they  were  extract- 
ed. These  products,  it  must  be  added,  were  the  result  of 
deoompositiixi,  and  their  characters,  consequently,  convey 
but  imperfect  information,  concerning  the  natural  condition 
of  the  principles  of  animal  oils. 

Fatty  matter  occurs  in  the  animal  system  occupyingvery 
different  situations.  In  ruminating  animals,  it  adheres 
chiefly  to  the  intestines;  in  seals  and  whales,  it  is  seated 
under  the  skin;  while  in  fishes  it  is  chiefly  found  in  the  cells 
of  the  liver,  and  among  the  muscles.  In  all  cases,  it  ap- 
pears to  be  a  product  of  secretion,  and  to  serve  as  a  store 
of  nourishment,  being  most  abundant,  when  the  aninoal  is 
furnished  with  a  copious  supply  of  food,  and  gradually 
diminishing  in  quantity  as  the  food  becomes  scarcer,  and 
disappearing  when,  from  want,  a  lingering  death  has  been 
produced. 

Animal  gUb  may  be  distinguished  into  the  foUomag 
kinds. 

1.  Spermaceti. — This  substance  constitutes  the  prindpal 
part  of  the  brain  of  the  whale,  called  Physeier  macrocepko' 
lus.  It  is  freed  from  the  <h1  which  accompanies  it,  by 
draining  and  squeezing,  and  aflerwards  by  the  employment 
of  an  ^kaline  lye  which  saponifies  the  remainder.     It  is 

•  Annals  of  Phil.  xii.  p.  186>  from  Aonales  de  Chimie. 
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then  waahed  in  water,  cut  into  thin  jneoes  with  a  wooden 
knife,  and  exposed  to  the  idr  to  dry. 

It  is  usuaUy  in  the  form  of  glosey  white  takes,  senEii. 
trwisparentand  friable.  It  melts  at  IIS^,  and  may  be  dis- 
tilled  without  experiencing  great  change.  About  IMpsrts 
of  boiling  alcohol  dissolve  1  of  spermaceti,  ^ich  is  ^again 
deposited  as  the  solution  cools. 

It  is  used  in  medicine,  and  in  the  arts  to  make  candles. 

5t  dfnbergretue.'^Thia  substance  is  of  a  whitish  ocdour, 
brittle,  adheres  like  wax  to  the  edge  of  the  kmfe  with 
which  it  is  scraped.  Its  spedfic  gravity  varies  fixmi  780 
to  0JI6,  At  12ir  it  melts,  and  at  ftlft"  it  is  volatilized.  It 
is  insoluble  in  water.  Alcohol,  and  the  volatile  (mIs,  dis- 
fx>lve  it.  With  alkalies  it  forms  a  soap  scduble  in  water. 
According  to  Bouillon  la  Grange,  it  is  composed  of 

02.7  Adipocere, 

80.8  Rezin, 
5.4i  Charcoal. 

It  is  found  in  the  intestines  of  the  spermaceti  whale,  and 
in  those  only  which  are  in  a  ackly  state.  It  appears  to  be 
the  excrement  altered  by  long  retention  in  the  intestines, 
and  therefore  scarcely  merits  a  place  among  the  natural  in- 
gredients  of  the  animal  system.  Upon  being  vended  by  the 
animal,  it  floats  on  the  surface  of  the  sea,  and  has  been 
found  in  various  quarters  of  the  globe.  It  usually  opntaiiis 
the  beaks  of  cuttle-fish  adhering  to  it 

It  is  employed  in  small  quantities  by  druggists  and  per- 
fiimers. 

8.  Fat. — Fat  is  usually  purified  by  separating  the  vessels 
and  membranes  which  adhere  to  it,  by  repeatedly  washing 
with  cold  water,  and  afterwards  melting  it  along  with  boil- 
ing water.  Still,  however,  it  consbts  qf.two  substances, 
puet  and  oil     Cubveeul  attempted  to  separate  thc)n,  by 
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the  aetkmof  bcnlingalcohd,  which  deposits,  on  oooling,  the 
suet,  and  retains  the  oil.  The  suet  he  has  termed  skariny 
and  the  (ul  dain.  Beacoknot  effected  their  separation  by 
a  much  more  ample  process.  He  pressed  the  fatty  or  oily 
matter,  rendered  sufficiently  solid  by  cold,  between  folds  of 
soft  paper.  The  oil  is  imbibed  and  the  fat  remains.  To 
free  it  firom  the  remainder  of  the  oil,  the  fat  is  melted  with 
a  little  oil  of  turpentine  to  dilute  the  oil,  and  again  pressed 
in  paper.  The  <nl  is  easily  extracted  from  the  paper  by 
boiling  water.  The  suet  or  stearin,  when  thus  obtuned,  is 
dry  and  brittle,  with  a  shining  lustre,  and  resembles  sper- 
macelL  It  melts  at  fimm  \9W  to  140°  F.  It  is  sparin^y 
soluble  in  alocdiol  and  ether.  All  fatty  substances  omnst 
of  differait  proportions  of  suet  and  oil  Butter  contains 
firom  40  to  65  per  cent,  of  suet ;  hogs-lard  88  per  cetiL  ; 
and  marrow  about  76 /ler  cen^.^ 

The  fat  of  ruminating  animals  is  termed  iaBoWy  and  is 
hard  and  brittle,  whilethefatof  the  hog,  called  fard^  is  soft 
and  semifluid.  Its  uses  as  an  artideof  food, — in  the  making 
of  candles,  hard-s()iqp,  and  ointments,  and  to  diminish  fric- 
tion, are  well  known. 

4»  OA-^The  various  properties  of  the  different  kinds 
of  oils,  depend,  in  a  great  degree,  on  the  mode  of  pre- 
paration, with  the  exception  of  the  odour,  which  arises 
from  the  kind  of  animal  from  which  the  oil  has  been  de- 
rived.  Spermaceti  oil  is  considered  as  the  thinnest  of  the 
animal  oUs,  and  the  fittest  for  burning  in  lamps.  It  is 
obtained  firom  the  spermaceti,  by  draining  and  pres- 
sure. Train  oil  is  procured  by  melting  the  blubber,  or 
external  layer  of  fat,  found  underneath  tbe  skin  of  diffe- 
rent  kinds  of  whales  and  seals.  From  the  process  em- 
ployed, it  contuns,  besides  the  oil,  gdadne,  albumen,  anfl 
other  animal  matters,  which  render  it  thick,  dark-coloured, 
and  disposed  to  become  rancid.    Fieh-oU  is  sometimes  ex*  ' 
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tracted  from  the  entire  fiah,  (as  the  qprat,  {Mlchard,  and 
herring,  when  they  occur  in  too  great  quantities  to  be  salt* 
ed,)  by  boiling  in  water,  and  skimming  off  the  oil  as  it  ap- 
pears on  the  surface.  In  general,  however,  the  oil  is 
obtained  from  the  Uvers  of  fish,  in  which  it  is  lodged  in 
cells.  As  it  cannot  be  procured  oompletdy  fircHn  livers  by 
mere  boiling,  they  are  allowed  to  become  a  little  putrid, 
that  the  oil  may  be  more  readily  extricated,  by  the  ruptur- 
ing of  the  cells.  But,  along  with  the  oil,  various  impuri- 
ries  are  likewise  obtained,  such  as  Inle,  and  gdatinous  maU 
ter;  and  a»  these  aflerwards  putrify,  they  communicate  a 
disagreeable  fetid  odour  to  the  cil.  This  fetid  smell  is 
greatly  hdghtened  by  the  charring  of  the  cil  in  the  bottom 
of  the  boilers,  and  the  ccmsequent  production  of  the  empy- 
reumatic  odour. 

Various  methods  have  been  recommended  in  order  to  free 
train^  and  fish  oils  from  the  impurities  with  which  they  are 
contaminated.  It  is  obvious,  from  the  nature  of  these  im- 
purities, that  they  may  be  in  part  be  removed^  by  cbunung 
the  oil  along  with  cold,  and  afterwards  with  bdling  water. 
But  for  the  complete  purification  of  oil,  other  methods, 
more  complicated  and  expensive,  have  been  resorted  ta 
<<  If  it  be  agitated  with  a  little  sulphuric  acid,  and  then 
mixed  with  water,  the  oil,  when  allowed  to  settle,  swims 
on  the  surface,  of  a  much  lighter  colour  than  before ;  the 
water  continues  milky,  and  a  curdy  matter  is  observed  swim- 
ming between  the  oil  and  the  wat^  ^.'" 

In  the  year  1761,  Robert  Dossie,  Esq.  ccMnmunicated 
to  the  Society  for  the  Encouragement  of  Arts  and  Manu- 
factures, various  processes  for  the  edulcoration  of  fish  oil, 
and  obtained  from  the  Society  a  bounty  of  one  hundred 
pounds.     The  account  of  these  methods,  which  are  still 

*  THOM8oir*0  Cheini»tiy,  4th  Ed.  v.  p.  47$. 
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cxmndefed  the  best  which  have  been  deviaed,  is  puUished  in 
the  twendethVoliune  of  thdr  Transactions,  pp.S09,-SS9  *. 


*  Ab  many  readen  may  not  have  aooeat  to  this  work,  I  shall  here  tnuw^ 

TlM  first  praeess,  ^  For  poriiyixig  aah-oD  in  a  modciate  degree,  and  at  a 
very  little  expense. 

«^  Take  an  ounce  of  chalk  in  powder,  and  half  an  ounce  of  lime  slacked 
by  exposure  to  the*air ;  put  them  into  a  gallon  of  stinking  oil,  and,  having 
mixed  them  well  together  fay  stirring,  add  half  a  pint  of  water,  and  mix 
that  also  with  them  by  tiie  same  means.  When  they  have  stood  an  boar 
or  two,  repeat  the  stfanringy  and  continue  the  same  treatment  at  convenient 
intervals,  ftir  two  or  three  dajrs ;  after  which,  superadd  a  pint  and  a  ;half 
of  water,  in  which  an  ounce  of  salt  is  dissolved,  and  mix  them  as  the  other 
ingredients,  repeating  the  stfaring,  as  beSnre,  fbr  a  day  or  two.  Let  the 
whole  then  stand  at  rest,  and  the  water  will  dnk  below  the  oil,  and  the 
chalk  subside  in  it  to  the  bottom  of  the  vessel*' 

The  second  process,  ^  Topuriiy  to  agreat  degree,  fish-oil  without  heat. 
**  Take  a  gallon  of  crude  stinking  oil,  or  rather  such  as  has  been  prepar- 
ed aa  a(bove  mentioned,  and  add  to  it  an  ounce  of  powdered  dialk  ;  stir 
them  wdl  together,  several  timea,  as  in  the  precediiig  proesas  i  and  after 
they  have  bean  mixed  aoma  hoiir^  or  a  whole  dqr,  add  an  ounce  of  peatU 
as^sa,  dissolved  in  ftmr  ounces  of  water,  and  repeat  the  stiniog  as  llelbre. 
After  they  have  been  so  treated  for  some  hours,  put  in  a  pint  of  water,  in 
whidi  two  oanoes  of  salt  ase  dissolved,  and  proceed  aa  belioret  the  oil  and 
biioe  will  separate  on  standli^  some  days,  and  the  oil  win  be  greatly  Im* 
proved  both  in  smell  and  odionr.  When  a  greater  parity  is  required,  the 
quantity  of  peari-ashes  must  be  increaaed,  and  the  tlme^beforethe  addition  of 
the  aalt  and  water  prolonged."—^  if  the  same  operation  is  repeated  several 
timea,  diminishing  each  time  the  quantity  of  ingredients  one  half,  the  oil 
may  be  brought  to  a  veiy  MgoA  colonr,  and  rendered  equally  sweet  in  smell 
with  the  common-spennaoeti  oiL** 

The  third  proeess,  ^  To  purify  Ssh^oil  with  the  asaistanoe  of  heat,  where 
the  greatest  purity  is  required. 

ii  Take  a  gallon  of  crude  stinking  oil,  and  mix  with  it  a  quarter 
of  tn  ounce  of  powdered  dialk,  a  quarter  of  an  ounce  of  Ume  slacked 
in  the  air,  and  half  a  pint  of  water;  stfar  them  together;  and  when 
they  have  stood  some  hours,  add  a  pint  of  water  and  two  ounces  of 
pearl  aslMs,  and  place  them  over  a  fire  that  will  just  keep  them  sim- 
mering till  the  oil  appears  of  a  light  amber  colour,  and  has.lost  all  smell 
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As  these  impurities  are  chiefly  contracted  in  the  prepar- 
Ation  of  the  <nl,  ftom  the  blubbe^  and  livers,  it  would  be  of 
consequence  to  examine,  how  far  the  various  prooesses 
which  have  been  recommended,  mi^t  be  employed  with 
lul vantage,  by  the  ori^nal  manuiacturer;  or  rather  to  de- 
vise means  by  which  the  oil  nugfat  be  extracted,  without, 
iat  the  same  dme,  obtaining  along  with  it,  those  substances 
which  render  it  too  thick  for  burning  in  lampB^  and  dis- 
agreeable on  account  of  its  smdl. 

Many  other  substances  secreted  by  diffietent  animals, 
deserve  to  be  enumerated  in  this  place,  sudi  as  Castor, 
Civet,  and  Musk,  but  their  characters  are  too  imperfectly 
ascertained,  to  enable  us  to  go  into  detail.  The  facts  known 
ccmoeming  them,  will  be  given  when  treating  of  the  organs 
in  which  they  are  formed. 

9.  Acids. — The  acids  which  we  have  now  to  enumerate, 
consist  of  various  proportions  of  carbon,  hydrogen,  oxygen 


except  a  hot)  grvwy,  iospJike  totaU  Then  npsntfd  half  a  pint  of  i 
in  wldeh  an  ounce  of  nit  has  been  diflM^ved  ;  and  having  boiled  then  half 
an  hour,  pour  them  into  a  i^roper  vemd,  and  let  them  eland  till  the  aepata. 
tlon  or  the  oil,  water,  and  lime  be  made«  ae  in  the  pfecadiag  pnx9M&*V- 
**  If  the  oil  be  p^Bjinired  yet  SMre  pore,  treat  it  after  it  ii  separated  fimn  the 
water,  &&  according  to  the  tecond  proeeaS)  with  an  ounce  of  chalk,  acpiar. 
ter  of  an  ounce  of  pearl  ashee,  and  half  a^  ounce  of  aalt." 

The  ftmrth  proeees,  ^  Which  may  be  practieed  alone,  intend  of  ptooeas 
the  SrBt,  8Blt  will  edulcorate  and  purify  firii-oil  to  a  oonsiderahle  degree^  so 
as  to  answer  nioBt  pnrpooes,  and  for  praoest  the  third,  when  the  whc^  is 
perfonnod. 

««  Take  a  gallon  of  crude  stinUng  oil,  and  put  it  to  a  pint  of  water  pcmr- 
cd  off  from  two  ounces  of  lime  slacked  in  the  air  ;  let  them  stand  together, 
and  stir  them  up  seveial  times  for  the  first  twenty-fbur  hours  ;  then  let 
Ihem  stand  a  day,  and  the  lime  water  will  sink  bdow  the  oil,  which  must 
be  careAiUy  separated  from  them.  Take  this  oil,  if  not  sufldentiy  purified 
Ibr  your  purpose,  and  treat  it  as  directed  in  process  the  thinl,  dimiadshiag 
the  quantity  of  pcarl-ashes  to  one  ounce,  and  omiUing  the  lime  and  chalk.** 
^.See,  likewise,  some  judicious  observations  iM  '*  9coassBY*s  Account  of 
the  Arctic  Regions,"  vol.  ii.  p.  408,-43?. 
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or  azote.    Some  of  tbem  are  peculiar  to  the  aaimal  king' 
dom,  others  exist  in  equal  abundance  in  pkait& 

A.  Uric  AcUL — This  acid,  which  has  likewise  been 
termed  LMiCy  exists  in  conadenddle  abundanoe  in  urine^ 
and  in  urinary  calcuIL  It  is  likewise  finand  in  the  exore- 
ments  of  birds,  reptiles  and  insects.  In  aU  the  situations 
in  whidi  it  is  found,  it  appears  to  be  a  production  of  the 
kidneys,  or  organs  exercising  an  analogous  function. 

B.  iMctic  Acid. — This  acid,  which  the  French  chemists 
endeavoured  to  prove  to  be  the  same  with  the  acetic  acid, 
is  ascertained  by  Berzelivs  to  be  a  peculiar  acid*.  It 
is  of  very  general  occurrence  in  the  animal  fluids,  in  oobk^ 
bination  with  soda  or  ammonia.  It  is  found  unoombined 
in  musailar  flesh. 

C.  AmnioHc  Aeid.-^TlnB  substance  was  discov^ed  in 
the  liquor  amnii  of  the  cow,  by  Yauqitselix  mid  BuNtvA, 
and  obtaiMed  in  white  crystals  by  evaporating  that  liquid 
slowly.  It  is  soluble  in  heated  water,. and  idoohol,  an<^ 
bears  the  nearest  resemblance  in  its  pi»perties  to  the  twa 
acids  which  have  been  enumerated.  Dr  Prout  did  not 
succeed  in  finding  this  substance  in  the  uterus  of'  a  cow 
slaughtered  in  an  early  period  of  her  gestation  *f-. 

D.  Formic  Acid.'-^This  acid  is  obtained  by  infti»ng 
ants  in  water,  and  drawing  it  off  by  distillation.  The  wa- 
ter in  the  receiver  contains  the  formic  acid.  By  some,  it 
is  regarded  as  analogous  to  the  acetic  odd,  and  by  others,, 
as  a  mixture  of  the  acetic  and  malic  aoda. 

The  precedmg  acids  are  peculiar  to  the  animal  king- 
dom ;  those  now  to  be  enumerated  are  likewise  found  in  . 
the  juicea  of  plants. 

£.  Benzoic  Acid  exists  in  oonsiderdUe  abundance^  ». 


'  Annalt  of  Phil,  ii.  201.  f  Annals  of  Phil.  v.  410. 
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the  urine  of  oows,  fioin  which  it  is  extracted  in  France  fbr 
comiiieraal  purpofies. 

F.  OscdUc  ^cid.— This  add  has  hitherto  been  finmd 
only  in  certain  urinary  calculi  in  union  widi  lime 

G.  AeeHc  AcUL^^Thas  acid  has  been  detected  in  milk  in 
union  with  potash,  by  Beesklius. 

H.  MaKc  Add. — ^This  acid  has  hitherto  been  fimnd  in 
company  with  the  formic  acid,  m  the  liquor  obtained  from 
the  red  ant 

In  this  short  enumeration  of  the  prindples  whidi  enter 
into  the  oompofiition  of  animals,  we  perceive  that  carbon, 
hydrogen,  oxygen  and  azote,  are  found  in  the  greatest 
abundance.     By  combining  in  different  proportionsy  they 
I  exhibit   a   great  variety  of  separate   substances.      The 

'/  earthy  salts  are  likewise  abundant ;  and  when  they  occur 

r  in  a  separate  state,  they  strengthen  the  albuminous  fhune- 

/  work,  and  form  the  skeleton,  ^ving  staUlity  to  the  body, 

/  and  acting  as  levers  to  the  musdes.     The  alkaline  salts 

I  occur  in  the  greatest  abundance  in  the  secreted  fluids. 

These  different  prindples,  variously  modified  and  mixed, 
constitute  the  different  parts  of  the  animal  frame.  Theae 
have  been  divided  into  two  kinds,— /Vutib  and  SaUdg. 

The  fluids  consist  of  those  juices  which  are  obtained 
from  our  food  and  drink,  such  as  the  chyle,  and  are  termed 
'  I  crude;  of  the  Uood,  prepared  from  the^ crude  fluids,  and 

destined  to  communicate  to  every  part  of  the  body,  the 
nourishment  which  it  requires,  and  of  those  fluids  whidi  are 
separated  from  the  blood  in  the  course  of  circulation,  such 
as  the  bile,  and  termed  Secreted  Fluidi.  These  are  all 
contained  in  appropriate  vessels,  and  are  subject  to  mcytkin 
and  change. 

The  SclRda  are  derived  from  the  fluids,  and  are  usually 
divided  into  the  soft  and  hard.     The  9qft  solids  consist 
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chiefly  of  what  is  tenned  animal  matter^  of  combinations  of 
carbon,  hydrogen,  oxygen,  and  azote.  They  coniust  of 
fibres,  which  are  usually  grouped  into  faggots ;  of  plates, 
which,  ccosfiing  one  another  in  various  directions,  give  rise 
to  a  cellular  structure,  or  of  a  uniform  pulpy  mass. 

The  fJbroua  texture  may  be  observed  in  all  the  muscles, 
tendons,  and  ligaments,  and  in  the  bones  of  many  animals, 
especially  before  birth.  These  fibres,  however  minutely 
divided,  do  not  appear  to  be  hollow,  like^those  of  the  Ve- 
getable Kingdom. 

The  ceOular  texture  is  universally  distributed  in  the 
ibrm  of  membranes,  which  invest  every  organ,  the  bundles 
of  fibres  in  every  muscle ;  and,  by  forming  tubes,  with  the 
addition  of  the  fibrous  texture,  constitute  the  containing 
vessels.  This  substance  pyes  form  to  all  the  diCTerent  parts, 
and  is  that  particular  portion  which  is  first  formed,  and  which 
constitutes  the  frame,  on  and  within  which  the  other  mate- 
rials of  the  system  are  deposited.  It  readily  expands  by 
the  increase  of  its  contents ;  and^  with  equal  ease^  contracta. 
when  the  distending  cause  is  removed. 

The  ^ni^  texture  is  confined  to  the  brain  and  nerves, 
the  liver,  kidneys,  and  other  secreting  oigans  of  the  system. 
Its  oompodUon  appears  to  the  eye  homogeneous,  and  its 
form  is  regulated  by  its  cellular  envelope. 

These  soft  solids  are  alone  capable  of  possessing  the  fa- 
culty of  sensation.  By  their  aid,  the  nervous  energy  is  ex- 
erted on  the  different  parts  of  the  body ;  and,  through 
them,  the  impresaoos  of  external  objects  are  received. 

The  hard  solidi  consist  either  of  cartilage,  which  resem- 
bles^  in  its  qualities,  coagulated  albumen,  or  of  bone,  form- 
ed by  various  combinations  of  earthy  salts.  They  are  des- 
titute of  sensation,  and  are  chiefly  employed  in  defending 
the  system  firom  injury,  giving  it  the  reqvusite  stability,  and 
assisting  the  muscles  in  the  execution  of  their  movements. 
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Th.e  propcMTtion  between  the  solids  and  fluids,  is  not  only 
remarkably  different  in  different  species,  but  in  tfio  same 
species  in  the  various  stages  of  growth. 

Having  now  taken  a  general  view  of  the  substances  which 
enter  into  the  composidon  of  animal  bodies,  and  tlie  various 
textures  or  tissues  which  these  form,  it  is  our  intention  to 
proceed  to  consider  the  frame  itself,  and  to  examine  tlie 
various  organs,  or  system  of  organs,  of  which  it  consists, 
and  the  uses  to  which  these  are  subservient  in  the  animal 
economy.  The  order  in  which  we  proceed,  may  appear 
to  be  deficient  in  logical  predion ;  but  it  is  impossible 
to  investigate  the  organs,  in  connection  with  thdur  functions, 
without  adopting  a  method  in  some  degree  arbitrary.  The 
skin,  however,  obviously  demands  our  first  attention. 

CHAP.  VI. 

ON  THE  CUTANEOUS  SYSTEM,  ITS  STRUCTITRE,  APPEKBICES, 
AKD  SECRETIONS. 

i^HEN  treating  of  the  characters  by  which  organized  bo- 
dies might  be  distinguished  from  inorganic  matter,  it  was 
stated,  that  the  former  always  possess  a  skin  or  common 
integument.  This  organ,  as  it  exists  in  animals,  is  now  to 
be  the  subject  of  our  consideration. 

1.  Structure  of  the  Sein. 
Animals  present  remarkable  differences  with  regard  to 
the  size,  the  shape,  and  the  number  of  their  parts ;  but 
they  all  agree  in  possessing  an  exterior  covering,  or  skin,  to 
modify  their  surface,  regulate  their  form,  and  protect  them 
from  the  action  of  the  surrounding  elements.  In  the  more 
perfect  animals,  this  organ  consists  of  the  following  parts : 
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the  caticle> — the  corpus  muoomim, — the  corium,— 'the  pon-r 
nieolus  camosus,'— and  the  cellular  web. 

1.  7^  Ctdicle. — This  is  likewise  termed  £piderm%  oT 
Scarfdun,  and  appears  to  be  oommoii  to  all  animals.  It 
ccHistitiitefr  the  exterior  layer  of  the  skin,  and  covers  not  only 
those  parts  whicfa  are  exposed  to  the  influence  of  the  at* 
moapheie,  or  the  waters,  but  the  di£Perent  openings  (rf*  the  ex^ 
tremities  of  the  vessels,  and  lines  the  central  surface  of  these 
nith  a  coating,  varying  mits  nature  acoovding  to  the  functions 
of  the  organ  which  it  is  destined  to  protect  It  is  destitute 
of  bloodvessels,  nerves,  and  fibres,  and  usually  consists  of  thixr 
transparent  membrane,  possessing  little  tenacity.  Various 
pores  may  he  observed  on  its  surface,  which  are  the  mouths 
of  the  vessels  of  the  inner  layers  d*  the  skin  ;•  and  it  is  va- 
riously marked  by  grooves  or  ridges,  dependii^  on  the  ine* 
quidities  of  the  surface  which  it  covers. 

It  resists  putre&ction  foot  a  great  length  of  time ;  Bsod 
may  easily  be  obtained  in  a  separate  state  from  the  other 
members,  by  maceration  in  water.  It  likewise  separates 
from  the  inferior  layers,  and  becomes  very  obvious  in  the 
case  of  blisters.  Alcohol  loosens  ita  connection  with  the 
inner  layers  very  readily,  in  many  €»f  the  inferior  animals, 
such  as  the  earth-worm.  So  iar  as  it  has  hitherto  been  sub- 
jected to  chemical  exp^menC,  it  appears  to  consist  of  co* 
agulated  albumen. 

The  cuticle  exists  before  birdi ;  and  may  be  observed 
thickest  on  those  [daces  desdned  to  be  exposed  to  the  great- 
est fticdon ;  such  as  the  palms  of  the  hands  and  the  soles 
of  ibe  feet  After  birth,  it  is  sqpeedily  renewed  on  parts 
which  have  been  wounded,  or  increased  in  thickness  in  those 
{daoea  which  are  frequently  suljected  to  pressure.  It  is 
almost  constantly  undergmng  changes.  It  exfoliates  in  the 
form  of  scales,  from  our  own  heads  and  from  the  skin  of 

VOL.  I.      .  F 
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haroes  ;  in  the  form  of  powder,  fmn  the  skitiB  of  p«rniU ; 
and  entire  like  a  sheath,  from  sarpents  and  the  catprpjltoa 
of  inaeots. 

The  outiole  exhibits  very  remarludikf  diffeiene^  in  re- 
gard to  conmtenoe.  In  those  animab  which  livoontbe 
kuid,  it  is  more  rigid  in  its  texture,  and  scaly  and  dry  on 
its  Buifiioe,  than  in  those  ishkh  reside  in  the  water.  In 
a^ua^  animals,  it  is  in  general  smooth^  often  pbaUe  i  and, 
in  many  cases,  its  texture  ia  so  soft  and  delkate,^  that  it  ap- 
pean  like  mneua.  It  assumes,  likewise,  olhcar  i^peanoMoes, 
such  as  scales,  nculs,  sheUs  and  plates^  which  deserve  the 
attentive  consideration  of  the  naturaUsI;,  as  fumiahiog  him 
with  iflsportanl  characters  for  the  arrang^nent  of  mimah. 

H.  Muooms  «wi.-^This  has  been  named  in  honour  of  the 
disoovcver  reie  MalpighU:  and  likewise  earput  mnamm^ 
or  rete  mucosum.  It  oecurs  immediately  undemealh  the 
cuiielQ,  iran  which,  in  general,  it  may  be  easily  di^oined; 
but  it  is  often  so  closely  attedied  to  the.  true  skin  bek»w>  as 
not  to  be  separated  even  by  macavai^on  in  waiter^ 

It  pnrsenta  more  cMous  af^eamnees  of  orgamnation 
than  the  cuticle,  and  eensista  of  soft  vascular  Ussne.  It 
varies  in  thiduiess  in  different  vped^  and  even  in  diff^ 
rent  pajrts  of  the  same  individual  It  ia  r^eaeraind  iwHre 
sbwly  than  the  cnlaok^  at  least  its  cdour,  ailw  an  in|Mfy, 
IS  more  pale,  inchning  to  white.  In  thepavts  oTtboae  ant^- 
nals  whioh  have  been  rqsioduced  i^£r  amputatioi^  aailiie 
head  and  hovna  of  snails,  tbenewpogtmns^seMprnpaastut 
thesamemtensHy  of  eolouraatbe  old  ones^  I^Aemac^ 
oonali|tutbnisunk&own«  It  ia  more  or  less  coloured,  aoeohL- 
ii^  to  the  species  or  variety ;  and»  indeed,  iftthat  poitkn^ 
of  the  skin  in  which  the  ooJour  resides.  In  nia%  the  other 
hyers  of  the  int^uments  are  transparent  or  eokNukas  ; 
while  this  layer  is  white  in  the  Emx^iean,  Utek  in  die 
Ethiopian,  md  ooi^r.«oIoured  in  the  American^ 
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It  hoB  been  suppcMed  by  aome^  that  this  layer  owe$  it 
colour  to  the  aetion  of  the  solar  rays ;  but  as  it  is  often 
found  coloured  in  those  parts  secluded  from  the  light,  into 
which  it  enters  along  wiUi  the  cutide^  such  as  the  palate» 
tongue  and  ears,  we  must  attempt  to  trace  its  orig^l  to 
some  other  cause.  Bl9MBNsach  tekxs  the  colour  to  car. 
boD,  precijntated  on  the  mucus,  and  combining  with  it. 
The  pixx^  however^  are  still  wanting  of  the  {Mtesence  of 
this  ingredient  in  the  particular  state  of  coloui:  which  cfaar- 
ooal  exhibits.  Were  the  mucous  membrane  always  found 
other  colourless  or  black,  we  might  be  induced  to  admit 
the  coloufing  matter  to  be  charcoal ;  but  when  this  layer, 
in  different  animals,  exhibits  all  the  tints  of  the  piismatic 
spectrum,  we  are  inclined  to  reject  the  explanation  as  hy- 
pothetical, and  wait  the  result  of  mor^  deciave  experi* 
ments.  Dr  B^pboss,  and  afterwards  Fouac&oY,  ascertain* 
ed,  that  oxymuriatic  acid  deprived  the  skin  of  a  negro  of  its 
black  cdour ;  but  in  a  few  days  it  returned  with  its  former 
iat^isity.  That  the  ookmr  depends  on  an  animal  oil  secret* 
ed  by  the  true  skin,  is,  periiaps,  the  most  plausible  ccmjec* 
ture  which  can  be  advanced  aa  the  subject 

This  layer  of  the  skin  occurs  not  only  in  the  warm<blood^ 
ed  animals,  but,  perhaps,  in  all  the  inferior  classes  *•  Cu- 
vixa  ccmjectures,  that  the  shell  of  molluscous  animals 
and  the-  cnist  of  lobsters^  and  other  Crustacea,  occu- 
py the  place  of  this  layer,  as  they  are  in  immediate  contact 
with  the  cuticle.  But  as  these  parts  are  employed  as  or- 
gans of  protection  and  of  support  to  the  musdes,  purposes . 
to  which  the  nuioous.web  is  never  applied  in  its  most  per- 
fect state,  analogy  a{qpears  in  opposition  to  the  conjecture. 

8.  Corjiffli.— This.is  known  by  the  name  of  ihecuii^ 


*  It  la  ntoBnary  to  add^  that  the  existence  of  this  layer  is  even  denied  by 
tmnei—Edin.  Phil,  Journ.  L  p.  813. 
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verOj  or  true  skin.  It  lies  immediately  underneath  the  cc« 
tide  and  mucous  web.  It  is  usually  destitute  of  colour.  If 
oonsistsin  some  animals,  as  quadrupeds,  of  solid  fibres,  which 
eross  one  another  in  every  possiUe  direction,  and  form  a  sub- 
stance capable  of  oonsidemUb  extensibihty  and  elastidtj^*  In 
the  cetacea,  the  fibres  are  arranged  i^erdcally,  and  exhibit  an 
appearance  not  unKke  a  section  of  the  sessile  boleti.  In 
fishes,  it  is  more  uniform  in  its  texture;  and  in  some  cases 
appean  a  homogeneous  gelatinous  membrane.  It  is  more 
obviottsty  organized,  than«lhe  two  members  by  which  it  is 
eoverei^.  Bloodvessels  and  nerves  penetrate  its  substance, 
and  may  be  observed  forming  a-  very  delicate  neUvFork  on* 
its  surface. 

The  peripheraTsurface  of  this  layer,  ia  in  dbse  eontSnct  with- 
the  mucous  web,  from  which  it  is  with  difficulty  detadied. 
When  viewed  separatdy,  it  presents  numerous  inequalities, 
which  give  to  the  cuticle  the  appeamnce  ef  angular  oom- 
partments  on  the  back  of  the  httman^  hand,  and  cur- 
ved ridges  on  the  pahns.  When  thi9  surface  is-more  minutely 
examined,  it  appears  covered  with  numerous  tubercles^  va- 
rying in  shape  and  size  according  lo  the  spedes  or  the  func- 
tions of  the  different  part»  By  macerating  the  oorium  for 
Borne  days  in  watery  the  structure  of  these  tuberdes  may  be 
perceived.  Each  consists  of  a  pencil  of  fibres,  united  at 
their  base.  When  the  centlnal  fibres  are  longest,  the  tuber- 
de  is  conical ;  when  of  equal  lengths,  ike  summit  ia  flat. 

This  portion  of  the  corium  has  been  characterised  by  a 
particular  name.  It  is  called  Corpus  papUlare,  and  vilhus 
sur/bee  of  the  skin.  It  is  most  obvious  in  diose  parts 
which  possess,  in  the  greatest,  perfection,  the  sense  of  toudi. 
It  is  generdly  supposed,  that  the  nervous  filaments,  con- 
nected with  that  faculty,  terminate  in  these  tubercles.  They 
are  depressed  when  not  in  action,  but  become  erect  on  the 
application  of  any  stimulant 
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This  villous  surface  is  observable  on  the  skin,  in  almost 
4ill  quadrupeds.  It  is  found  in  the  soles  of  the  feet  only,  tn 
birds  and  reptiles.  In  fishes  and  the  inferior  animals,  its^ex- 
istenee  has  not  been  satisfactorily  ascertained. 

The  oorium  may  be  observed  in  qtiadrupeds,  birds,  rep- 
iiles  and  fishes.  It  is  less  distinct  in  the  mollusca  and  crus- 
taoea;  and  in  the  animals  of  the  lower  orders,  it  has  not 
ibeen  detected. 

From  the  experiments  which  have  been  made,  to  ascer- 
tain the  oomposidon  of  4he  <x>rium,  it  appears  to  consist 
chiefly  of  g^tine.  Hence  it  -is  tliat  part  which  b  employ- 
ed in  the  manufacture  of  glue.  Jn  the  thin,  s^ft,  4lexibl^ 
.'faides,  the  gelatine  does  not  possess  the  same  degree  of  vis- 
acidity,  as  in  those  of  more  rigid  texture;  and  the  glue  ob- 
tained from  such,  is  proportionally  weak. 

It  has  already  lieen  stated,  that  gelatine  unites  with  tan- 
nin, forming  a  substance  which  is  insoluble  in  water.  It 
is  to  this  combination  that  feo^ftcr  owes 'its  peculiar  proper- 
ties. The  skin^ispr^pared  for  being  converted  into  leather, 
by  maceration  (in  neater  or  Jime-water,  in  order  to  remove 
thecHtide  and-faaini  The  tannin  is  obtained  from  oak-bark, 
by  infusion  in  water.  The  cleansed  skin,  now  oonfiisting 
chiefly  of  gelatine,  upon  bmg  placed  in  thb  inftiaon, 
imites  with  the  tannin.  The  strength  of  the  leather  de- 
jpends  on  the  strength  of  the  hides;  the  more  ri^  these 
are,  the  more  tough  and  duraUe  is  the  leather  which  they 
furnbh. 

4.  Muscular  xveb.-^This  is  likewise  termed  Panniculus 
camosiu:  It  varies  greatly  in  its  appearance  according  to 
the  motions  which  the  skin  and  its  appendices  are  destined 
to  perform.  It  consists^  a  layer  of  musdes,  the  extremi- 
ties of  whose  fibres  aife  inserted  into  the  corium  externally, 
and  adhere  to  the  body  internally  in  various  directions. 
Thb  layer  b  very  obvious^  in  the  hedgehog  and  the  poreu^ 
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fMiie,  to  aaoflt  in  rolling  up  the  body  and  mo^ng  die  i{4iies, 
and  in  birds,  in  the  erection  of  thdr  feathers,  In  noan,  it 
can  scarcely  be  said  to  exist,  unless  in  the  upper  parts, 
where  cutaneous  muscles  may  be  observed,  desdned  for 
moving  the  skin  of  the  fkoe,  cheeks  and  head.  In  the 
skin  of  the  frog,  the  only  cutaneous  muscles  whidi  can  be 
observed,  are  seated  under  the  throat;  the  skin  on  the  other 
parts  of  the  body  being  loose  and  unconnected  vilb  the 
parts  bepeath. 

The  use  of  this  layer  of  the  int^ument,  is  to  corrugate 
the  skin,  and  elevate  the  hairs,  feathers  or  spines  with  whidi 
it  is  furnished. 

5.  CeOuIar  m?&*— This  forms  the  innermost  layer  of  the 
common  integuments,  and  rests  immediately  <m  the  flesh 
of  the  body.  It  oonmsts  of  {dates  crosang  one  another  in 
different  directions,  and  forming  a  cellular  membrane,  va- 
rying in  its  thickness,  tenacity  and  contents,  according  to 
the  spedes.  In-  frogs  it  does  not  exist  The  cells  of  this 
membrane  are  filled  with  various  substances,  aooordii^  to 
the  nature  of  the  animal.  In  general,  they  contain  fat,  bs 
in  quadrupeds  and  Urds.  In  some  of  these,  the  layer  is  in- 
terrupted, as  in  the  ruminating  animals,  while  it  b  oonti- 
m^usin  others,  as  the  boar  and  the  whale.  In  birds, 
while  a  part  of  this  web  is  destined  for  the  reception  erf*  fat, 
other  porticns  are  receptacles  for  air.  In  the  mooo-^sh, 
the  contained  matter  resembles  albumen  in  its  chemical 
characters. 

Where  this  layer  of  subcutaneous  fat  is  of  conaderable 
thickness,  the  sensibility  of  the  skin  above  is  greatly  dimi- 
nished. Hence,  it  is  considered  as  destined  to  weaken  the 
impresaons  of  external  injuries,  and  to  protect  against  the 
effect  of  the  changes  of  temperature  in  the  surrounding  ele- 
ment. But  it  is  subservient  to  more  important  purposes  in 
the  animal  economy.     The  celk  arc  the  magaastnes^  into 
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whidi  the  guperfluous  iiourifilmieiit  it  canTeyed  m  die  Sam 
cthty  to  be  again  absorbed  acoording  to  the  wants  of  the 
body.  Henoe,  the  oelb  are  neariy  empty  and  ooHapaed, 
in  animals  scantily  suppfied  with  food.  The  air^ells  cxf 
Urcb  give  additional  buoyancy  to  their  bodies ;  and,  there- 
fore, asnst  them  in  their  ffif^t 

IL  Appekdices. 

Having  examined  the  structure  of  the  different  layers  of 
the  skin,  we  now  proceed  to  conader  the  appendices  with 
which  it  is  furnished,  and  by  which  it  is  fitted  for  a  variety 
of  purposes  in  the  animal  economy. 

1.  flair*.— With  the  general  appearance  of  hmr,  every 
<Hie  is  familiarly  acqumnted ;  but  its  peculiar  structure  and 
mode  of  growth,  have  seldom  been  attentively  examined 
by  the  zoologist,  although  they  furnish  important  charac- 
ters for  the  discrimination  of  species. 

Hffirs  differ  remarkably  not  only  in  their  structure,  but 
likewise  in  their  dtuation.  In  some  cases,  they  appear  to  be 
merely  filamentous  prolongaticms  of  the  cuticle,  and  subject 
to  all  its  changes.  This  is  obvioudy  the  case  with  the  hair 
which  covers  the  bodies  of  many  caterpillars,  and  which  se- 
parates along  with  the  cuticle,  wBen  the  animal  is  said  to 
cast  its  skin*  Such  cuticular  hairs  are  likewise  found  on 
many  shells,  such  as  the  Helix  rufescens^  hispida  and  4pi- 
mdosa,  the  Area  lacka,  and  Pecttmadus  pilosus. 

In  true  hair,  the  root  is  in  the  form  of  a  bulb,  taking  its 
rise  in  the  cellular  web.  Each  bulb  consists  of  two  parts, 
an  external,  which  is  vascular,  and  from  which  the  hair 
probably  derives  its  nourishment;  and  an  internal,  which 
is  membranous,  and  forms  a  tube  or  sheath  to  the  hair, 
during  its  passage  through  the  other  layers  of  the  skin. 
From  this  bidb,  fmd  envelop^  by  this  membrane,  the  hair 
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passes  thiottgfa  the  oorium,  mucous  web  aocl  cuticle.     It 
usually  rakies  up  small  scales  of  this  last  layer,  which  soon 
become  dry  and  fall  off,  but  do  not  form  the  external  co- ' 
vering  of  the  hair,  as  some  have  supposed* 

The  hair  itself  con^sts  of  an  external  homy  ooveiing, 
and  a  central  vascular  part,  termed  medulla  orpUh.  This 
horny  covering  consists  o£  numerous  filaments  placed  la^ 
terally,  to  which  different  kinds  of  hair  owe  their  striated 
appearance^  These  filaments  appear  to  be  of  unequal 
lengths ;  those  nearest  the  centre  being  longest ;  and,  con- 
sequestly^  thehaiir  assumes  the  form  of  an  elongated  cone, 
with  its  base  seated  in  the  skin.  This  form  gives  to  the 
hair  that  peculiar  property,  on  which  the  operation  offoU^ 
ing  depends. 

When  we  take  hold  of  a  hair  by  the  base  \nth  the  fingers 
of  one  hand,  and  draw  it  between  two  of  the  fingers  of  the 
other,  from  the  root  towards  the  pcnnt,  it  feels  nnooth  to 
the  touch ;  but  if  we  reverse  its  position,  and  draw  it  be^ 
tween  the  fingers  from  the  poiiit  to  the  root,  we  feel  its 
surface  rough,  and  it  offers  a  consideraUe  reostance. 
The  surface  of  the  hair  must,  therefore,  consist  of  emi- 
nences pcnnting  to  the  distal  extremity.  In  consequence  of 
this  structure  of  the  surface,  if  a  hair  is  sdzed  at  the  middle 
between  two  fingers,  and  rubbed  by  them,  the  root  wiirgfa^ 
dually  recede,  while  the  pcnnt  of  the  hair  will  aj^roach 
the  fingers;  in  odier  words,  the  hair  will  exhibit  a  prcgres- 
sive  motion  in  the  direction  of  the  root,  the  imbricated  sur- 
face preventing  all  motion  in  the  opposite  directi<m. 

It  is  owing  to  this  state  t>f  the  surface  of  hairs,  diat 
woollen  cloth,  however  soft  and  |diabie,  exdtes  a  disagree- 
able sensation  of  the  skin,  in  those  not  accustomed  to  wear 
it  It  likewise  irritates  sores,  by  these  asperities,  and  excites 
inflammation.  The  surface  of  linen  cloth,  on  the  other  hand, 
ieek  smooth,  because  the  fibres  of  which  it  consistB,  possess 
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none  of  dioee  iBequalities  of  surface  by  which  hairs  are  cha- 
Facterissed. 

.  If  a  quantity  of  woci.  be  spread  upon  a  table,  covered 
with  ft  linem  oloth,  and  pressed  down,  in  different  directions, 
it  is  obvious  that  each  hair  will  begin  to  move  in  the  direc- 
tion of  its  root,  as  if  it  had  been  rubbed  between  the  fingers. 
The  diffinrent  hairs,  thus  inoving  intevery  direction,  become 
interwov^  with  each  other,  and  unite  into  a  continuous 
mass.  This  is  the  felt  with  which  hats  are  made.  Curled 
hairs  entwine  themselves  with  one  another  more  closely 
than  those  which  are  straight,  though  flexible,  as  they  do 
not,  like  these,  recede  fnan  the  point  of  pressure  in  a 
straight  £ne ;  and  hence  hatters  emjdoy  various  methods  to 
produce  eurl  in  the  short  fur  of  rablnts,  hares,  and  mdes, 
which  they  employ.  This  is  accomplished,  chiefly,  by  ap- 
plying the  solution  of  certain  metallic  salts  to  the  fur,  by  a 
brush ;  so  that,  irfien  the  hairs  dry,  the  surface  which  was 
moistened,  contracts  more  than  the  other,  and.produces  the 
requiate  curve. 

Hair  which  has  been  pulled  from  the  skin,  is  not  so  fit 
for  ^ting  as  that  which  has  been  cut  by  the  Aears.  In 
the  former  case,  the  bulb,  at  the  base,  offers  conaderable  r&- 
ast^noe  to  the  moticHi  of  the  hair.  "Xhis  is  the  reason  why 
even  the  Aart  furs  are  cut  off  by  sharp  instruments. 

Although  straight  hmrs  do  not  form  so  dose  and  conti- 
nuous a  felt  as  curled  hairs,  from  their  tendency  to  procede 
in  a  stnught  line,. in  the  direction  of  the  root;  yet  this  pro- 
perty is  of  great  advantage  to  the  hatter.  He  spreads  over 
the  surface  of  his  coarser  doth,  a  quantity  of  fine  straight 
fur;  and,  by  pressure,  diesQ  fiae  hairs  move  inwards  in  the 
direction  of  their  roots,  and  thus  form  a  coating;  the  base 
of  the  hairs  beui^  inserted  in  the  cloth,  while  the  extremi- 
ties are  free. 
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It  is  owing  to  the  asperitiefl  of  the  mvfine  of  haB%  tbit 
the  spinning  of  wool  b  so  difficult  This  is,  in  a  gmt  noi- 
sure,  removed,  by  besmearing  it  with  oil,  by  whidi  the  in- 
equalities are  filled  up;  or,  at  least,  the  aspenlies  beeone 
less  sensible.  When  the  wocd  is  made  mto  doth,  k  is  ne- 
oessarjr  to  remove  the  oil,  whidi  is  done  by  the  piooess  of 
fulKng.  The  doth  is  placed  in  a  trou^,  with  water  and 
day,  and  agitated  for  some  time  The  oil  is  removed  by 
the  day  and  water ;  while  the  agitatioD,  acting  like  pves- 
sure,  brings  the  hairs  into  doser  union,  and  the  doth  is 
taken  out,  not  only  deansed,  but  felted.  The  hairs  of 
every  thread  entwine  themsdves  with  those  whidi  wie  oon- 
tiguous ;  so  that  the  doth  may  be  cut  without  being  sub- 
ject to  ravel  It  is  to  this  tendency  to  fek^  that  woolkn 
doth,  and  stockings,  increase  in  densi^,  and  contract  m 
dimensions,  by  bdng  washed.  In  many  places^  woollen 
stuJflFs  are  fdted,  on  a  small  scale,  by  pladng  them  in  run- 
ning water,  or  undor  cascades;  and  the  Zetlanders  expose 
them  to  the  motions  of  the  tides,  in  narrow  inlets  of  the 
sea. 

The  colour  of  the  peripheral  tube  exhibits  very  remaik- 
able  differences.  By  some  naturalists,  the  oolour  is  consU 
dered  as  dq)ending  on  the  fluids  contained  in  the  pith ; 
while,  according  to  others,  the  seatof  oolour  is  in  the  homy 
covering  itself.  The  truth  of  the  latter  opnion,  in  certain 
cases,  at  least,  is  obvious,  by  the  inspection  of  the  laigest 
hairs  or  spines  of  the  porcupine,  in  which  the  pith  is  white, 
while  the  homy  covering  is  partly  edoursd.  The  sup- 
{XMTters  of  the  former  opinion  contend,  that  the  central  part 
alone  is  vascular,  and  endowed  with  vitality,  as  is  demon- 
strated in  the  disease  termed  PUca  Pohnkoj  in  which  the 
hair  bleeds,  when  cut ;  that  grief  and  anxiety  have  been 
known  to  change  the  colour  of  the  hair,  by  influencing;  as 
is  supposed,  the  colouring  secretions  of  the  central  vessels ; 
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and  that  the  ookynrdianges  with*age,  and,  in  some  animals, 
with  the  season,  without  any  apparent  change  in  the  homy 
covering.  These  arguments  we  consider  as  conetumTe  in 
favmir  of  the  t^nnicm  whidi  siqipoees  the  colour  to  de- 
pend chiefly  on  the  fluids  of  the  contained  Tessds,  and 
would  lead  us  to  infer,  that  the  structure  of  the  cmtral 
parts  of  slender  hairs  is  different  fitxn  that  of  the  stronger 
kinds,  termed  Spines.*  Indeed  it  has  been  ascertained, 
that  the  pith  of  the  bristles  of  the  wild  boar,  form  two  ca- 
nals ;  and,  in  the  whiskers  of  the  seal,  one  canal  may  be 
distinctly  peiceiTed. 

In  general,  there  is  a  close  connection  between  tlie  colour 
of  the  hair,  and  that  of  the  mucous  web.  This  is  displayed 
in  those  animals  which  are  spotted ;  in  which  the  colour  of 
the  skin  is  generally  variegated  like  that  of  the  hw. 

HaiiB  differ  remarkably  in  form.  In  general  they  are 
round.  Frequentfy  on  tbe  body,  they  are  thickest  in  the 
middle.  Sometimes  they  are  flat,  or  two-edged ;  and,  in 
the  whiskers  of  -seals,  they  are  wared  on  the  maigins.  In 
many  animals,  they  are  long  and  straight;  while^  in  others, 
they  are  crisped,  and  are  then  termed  Wool.  When  st^, 
they  are  termed  BrUties;  and,  when  uiA^ble,  SpimfiS. 
They  obtain  particular  names,  aocordkigto  dus  situation,  as 
beard,  eye-lashes,  and  whiskers.  In  general,  the  motions 
of  the  hair  depend  on  the  movements  of  the  muscular  web. 
In  some  cases,  however,  small  muscular  fibres  may  be  traced 
to  the  bulb  of  the  root,  by  means  of  which,  particular 
movements  may  be  executed. 

Hairs  grow  by  the  roots.  In  some  species,  they  are  re- 
newed annually ;  and,  in  all,  they  are  readily  re|»tKluced. 
They  are  the  most  truly  electrical  of  animal  substances. 
They  are  probably  nourished  by  capillary  attraction,  and 
the  supply  regulated  by  the  moisture  or  dryness  of  the  at- 
mosphere. 
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Hair  is  found  on  all  the  mammalia,  wiialea  not  esoepled ; 
difTering  greatly,  however,  in  quantity,  aoeordiag  io  the 
species,  but  always  most  abundant  on  the  parts  isast  ex- 
posed, and  on  chose  ammak  which  inhaUt  cold  cnuntiiin. 
It  b  found,  along  with  feathers,  on  different  parts  of  the 
body  of  birds,  chiefly,  however,  on  the  head  and  neck.  It 
is  alnent  in  the  reptiles,  fishes,  and  mollusca;  but  il  may 
be  observed  on  many  annuloae  animals,  and  even  socfihytes, 
in  which  it  acts  the  part  of  an  organ  of  motion. 

Of  aU  the  substances  consisting  of  animal  mattar,  hair  is 
the  most  permanent,  resisting  putrefaction  for  a  great  length 
of  time.  According  to  the  experiments  of  Hatchjstt,  it 
consists  of  gelatine  and  coagulated  albumen.  Vauquelik 
detected  two  kinds  of  c»l ;  one  of  whicfa  was  found  to  vary 
in  colour,  according  to  the  colour  of  the  hair  from  whicfa  it 
was  extracted^  black  hair  yielding  a  blade  oil ;  the  other 
always  white,  without  regard  to  the  original  colour  of  the 
hair.  Hair  likewise  contains  ieon,  oxide  of  naaoganesey 
phosphate  and  carbonate  of  lime,  sUica,  and  sulphur. 

2.  /VofA^j.— As  nearly  vdated  to  hairs  in  the  animal 
economy,  in  regard  to  situation,  compoation,  and  purpose, 
we  may  here  take  notice  of  the  jdumage  of  birds. 

Feathers  may  be  considered  as  consisting  of  the  fi^owii^ 
parts :  the  quill,  the  shaft,  and  the  web. 

The  quill  takes  its  rise,  like  the  hair,  in  the  cdlulsr 
membrane,  and  p^^ses  through  a  tubular  opening  in  the 
«ther  layers  of  the  skin,  which  generally  exhibit  a  duplica- 
ture  at  its  base,  forming  a  short  sheath.  The  edges  and 
outer  side  of  the  distal  part  of  the  quill  unite  with  the 
proximal  end  of  the  shaft,  leaving  a  small  opening  in  the 
middle  of  the  inner  ade. 

The  shq^  consists  of  a  cuticuUr  layer  of  matter  amtlar  to 
the  substance  of  tlic  quill ;  and  a  central  portion,  of  a  while 
colour ;  and  with  a  texture  like  cork.     The  outer  side  is  in 
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general  slightly  convex ;  the  inner  neftrly  flat,  with  a  groove 
in  the  middle ;  and  the  whole  tapering  to  a  point  at  the 
distal  extremity.  It  is  generally  single  in  the  large  feathers 
of  the  wing  and  tcul  of  birds,  but  frequently  double  in  the 
feathers  on  the  body. 

The  xoeb  usually  occupies  both  sides  of  the  shaft,  and 
consists  of  the  barbs,  which  are  {fattened  tapering  slips  of 
matter,  similar  to  the  shaft,  [Jaced  transversely,  adhering 
thereto  by  their  base,  and  lyii^  over  each  other,  like  the 
leaves  of  a  book,  pointing  outwards.  The  sides  of  each 
barb  are  famished  witli  barbules,  in  the  same  manner  as 
the  shaft  is  decorated  with  bari)^ 

Feathers  exhibit  very  remarkable  differences  with  regard 
to  colour.  The  shaft  is  frequently  of  one  colour,  while  the 
weba  are  of  another ;  and  different  parts  of  the  same  web 
may  even  be  observed  exhibiting  dissimilar  tints.  The  co^ 
lour  of  the  feathers  of  some  birds,  appears  to  vary  with  the 
season,  always  becoming  of  a  paler  hue  during  the  cold  of 
winter.  Particular  kinds  of  nourishing  food  Hkewise  effect 
similar  changes^;  but  the  colours,  in  this  case,  become 
deeper.  The  feathers  of  several  birds,  after  death,  lose 
their  lustre,  and  frequently  become  paler  in  the  odour. 
Thus  the  orange-coloured  white  of  the  belly  of  the  com- 
mon merganser  soon  fades  after  death.  These  circum- 
stances point  out  the  vitality  of  tins  appendix,  however 
difficult  it  may  be  to  determine  the  manner  of  chrculation 
of  any  fluid,  between  the  parts  of  the  fully  formed  feather 
and  the  body. 

Feathers,  like  hairs,  are  not  only  renewed  periodically, 
but  they  are  readily  reproduced,  if  accidentally  destroyed. 
The  manner  in  which  they  are  formed,  is  variously  stated 
by  different  authon^  few  of  whom  appear  to  have  examined 
the  subject  with  any  degree  of  attention.  The  following 
^account  is  given  as  the  result  of  personal  observation* 
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WbeQ  the  feather  first  pushes  Uaelf  beyond  the  turfiwe 
of  the  skint  it  has  the  appesrance  of  a  thorn.  If  it  be 
opened  in  this  state,  it  may  be  f>bsa:?ed  to  ooonst  of  a 
sheath  and  medulla. 

The  8hea(li  is  in  the  form  of  a  tube,  similar  in  its  oompo* 
dtion  to  the  quill ;  open  at  the  base,  where  it  is  inserted  in 
the  skin ;  but  closed  at  the  other  extremity,  where  its  apex 
possesses  conaderable  hardness.  The  use  of  this  tunic  is 
to  defend  the  central  parts,  while  soft  and  tender. 

The  meduUa  con^sts  of  a  gelatinous  central  cord,  con- 
taining bloodvessels,  and  covered  with  a  dark  glairy  fluid. 
It  extends  from  the  apex  of  the  sheath,  to  its  insertion  in 
the  cellular  web.  It  may  be  considered  as  the  organ  which 
foims  the  different  parts  of  the  feather. 

The  g^iry  fluid  appears  densest  towards  the  apex,  and, 
on  the  outer  side,  two  white  threads  may  be  perceived  elose 
to  each  other,  whidi  have  been  formed  in  it  These 
threads  gradually  ineitease  in  aize,  and  finaUy  coalesce, 
leaving,  however,  on  their  inner  surfatce^  a  smttU  gioove, 
more  or  less  obvious,  and  which  is  permanent.  In  the  re- 
maining part  of  the  ckde  of  this  fluid,  sunxmnding  the 
central  cord,  the  web  of  the  feathers  is  fcnrmed*  .  Each 
barb  appears  with  one  extremity  attached  to  one  of  the  la- 
teral edges  of  the  shaft,  and  the  other,  pointing  upwards 
and  inwards,  assisls  in  foram^  a  fxxK  of  tube  of  barbs 
round  the  central  cord.  The  whole  is  still  restrained  by 
the  sheath,  which  frequently  bears  the  impression^ .  on  its 
inner  surface,  of  the  marks  of  the  barbs.  Although,  at 
this  time,  both  the  ^aft  and  the  barbs  may  be  percefved  in 
a  stateHSt  for  exdusion^  towarda  the  extremity,  yet^.  near 
the  base,  the  glairy  fluid  scarcely  exhibits  a  trace  o€  the 
rudiments  of  the  remauung  part  of  the  feather. 

In  proportion  as  this  fliud,  at  the  extremity,  changes  in. 
to  the  shaft  and  barbs^  the  central  cord  withers^  and  grows 
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hard«  At  this  time,  the  sj^eath  hvasts  open  at  the  point, 
and  the  withered  medulla  appears  encircled  by  the  shaft 
and  barbs.  As  the  growth  takes  place  from  below,  new 
portions  of  the  feather  are  pushed  forwards  with  the  me. 
dulla,  in  the  same  portion.  Between  the  barbs  may  like- 
wise be  observed  numerous  threads  and  scales,  which  are 
the  dried  remains  of  the  fluid  in  which  they  were  formed. 
These  scales,  and  the  withered  medulla,  either  fall  off  na^ 
turally,  or  are  removed  by  the  animal  in  the  act  of  freeU'- 

When  that  part  of  the  feather  containing  the  web  W 
formed,  the  remaining  part  of  the  medulla  becomes  enve- 
loped with  the  matter  of  the  quill,  which  is  a  continuation 
of  the  shaft  It  is  pervious  at  both  extremities,  for  the  eii-^ 
trance  and  egress  of  the  medulla.  Perhaps  a  distinct  idea 
may  be  formed  of  the  structure  of  a  feather,  by  consider, 
ing  the  whole  as  at  iSrst  like  an  elongated  hollow  cone,  ii^. 
which  a  portion  of  the  base  retains  its  form,  and  constitutes 
the  quill;  while  the  remainder,  towards  the  apex,  has 
opened  on  one  side,  to  form  the  shaft  and  the  web ; 
the  medulla  becoming  exposed  in  the  last  part,  while-  it  - 
continues  covered  in  the  former. 

Where  more  shafts  than  one  arise  from  the  same  quills 
they  appear  to  be  formed  on  cq^posite  »des  of  the  medulla. 
This  part  always  appears  in  the  centre ;  and  the  grooved 
adesof  theshi^fiiceeacb  other. 

The  quill  does  not  attain  its  full  growth  at  the  firsts  like 
the  shaft  and  the  web.  It  continues  to  increase  in  length 
for  a  considerable  period,  during  which  the  correi^xmding 
part  of  the  medulla  oontiniiea  soft  and  vascular.  As  the 
animal  cannot  reach  the  iP^^Jla  which  is  contained  in  the 
quiU,  it  rttooains^.  and  forms  that  tubular  chambered  mem^ 
brane,  with  which  all  are  familiar,  as  it  appears  in  ooramoa 
writing  quilla. 


Digitized  by  CjOOQ IC 


96  PHlLOSOPHy  OP  ZOOLOGY. 

The  sheath,  of  which  we  h«ve  already  spoken,  likewise 
grows  in  length  with  the  new  parts  of  the  feather.  It  is 
thickest  at  filrst,  and  faSs  off  in  the  form  of  scales ;  but, 
towards  the  end  of  the  process,  it  is  thin,  and  adheres 
closely  to  the  quill,  and  is  that  part  which  requires  to  be 
removed  by  artificial  means,  in  the  preparadon  of  quiDs  for 
writing. 

Feathers  appear  to  consist  of  nearly  the  same  constituent 
ingredients  as  hair.     They,  perhaps,  contain  less  gelatine. 

They  occur  only  on  birds,  and  characterise  the  class. 
They  furnish  the  most  obvious  marks  for  the  discrimination 
of  species;  and  have  obtained  various  names,  according 
to  the  parts  of  the  body  from  which  they  take  thdr  rise. 
These  terms  will  be  particularly  enumerated  when  we  come 
to  treat  of  birds. 

S.  HomS' — Horns  take  their  rise  in  the  same  atuation 
as  hairs  or  feathers.  They  may  be  regarded  as  hairs  i^- 
glutinated,  and  forming  a  hollow  cone.  The  fibrous  strac- 
ture  of  horn  may  be  percdved  in  many  animals  at  the  base, 
where  it  unites  with  the  skin.  At  this  part  it  receives  the 
additions  to  its  growth,  the  apex  of  the  cone  bdng  pushed 
out  in  proportion  as  the  increase  takes  place  at  the  root, 
and  on  the  inner  surface.  But  horns  differ  remarkably 
from  hair,  in  having  thdr  central  cavity  filled  by  a  projection 
of  bone  or  other  solid  substance  from  the  body  beneath. 

The  different  markings  of  the  horns,  particularly  the 
transverse  ridges,  are  indications  of  the  difierent  layers  of 
growth ;  and,  in  many  cases,  the  number  of  these  ridges 
corresponds  with  the  years  of  life. 

The  colour  of  the  horn  is,  in  general,  distributed  through 
the  mass ;  sometimes,  however,  it  is  collected  into  bands  or 
threads.  It  seldom  experiences  much  change  during  the 
life  of  the  animal. 
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It  is  permanent^  or  does  not  experience  those  periodical 
renovations  which  we  have  stated  to  take  place  with  hair  and 
feathers.  The  deciduous  horns  of  the  stag  are  different  in 
their  nature  from  true  homs^  and  will  be  afterwards  taken 
nodoeof. 

The  term  Horn  is  usually  restricted  to  the  coverings  of 
the  projections  of  the  frontal  bones  of  oxen,  sheep,  and  a- 
milar  quadrupeds ;  but  various  appendices  of  the  skin,  com- 
posed of  the  same  materials,  and  equally  permanent,  al- 
though seated  on  other  parts  of  the  body,  may,  with  pvo- 
priety,  be  included  under  the  same  appellation.  Among 
these  may  be  enumerated, 

a.  Beaks.^*Th9  substance  which  covers  the  external 
surface  of  the  maxillary  bones  of  birds,  is  composed  of 
horn.  It  varies  greatly  in  texture  and  markings,  according 
to  the  species.  It  differs  from  the  horns  of  quadn^peds 
diiefly  in  this  circumstance,  that  the  colouring  matter  b  not 
so  completely  fixed,  but  is  probably  preserved  in  vessels 
which  are  still  in  communicatbn  with  the  body.  At  least 
it  is  well  known,  that  the  colour  of  the  bill  varies  with  the 
season,  and  experiences  ccmsiderable  changes  after  death. 
This,  however,  is  most  remarkable  in  those  birds,  the  homy 
covering  of  whose  bills  b  thin,  so  that  the  colour  may  de- 
pend  on  the  fluids  below. 

Homy  beaks  are  found  on  birds  and  many  reptiles ;  and, 
m  the  inferior  classes,  in  all  those  whose  jaws  are  destined 
to  cut  hard  substances, 

b.  Hoqf%. — Hoofs  resemble  horns  in  their  manner  of 
growth,  and  in  containing  a  central  support,  formed  by  the 
terminataon  of  the  extreme  bones  of  the  feet  They  grow 
from  the  inner  surface  and  base,  and  are  thus  fitted  to  sup. 
ply  the  place  of  those  parts  which  are  worn  away  by  being 
exposed  to  friction  against  hard  bodies.  Hoofs  are  peculiar 
to  certain  herbivorous  quadrupeds. 

VOL.  I.  6 
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c.  Claws. — These  resemble  hoofs  in  structure  and  silUA- 
tion,  deriving  thdr  origm  from  the  skin,  having  a  booy 
centre,  and  occiurring  at  the  extremities  of  the  fingers  and 
toes.  But  they  are  of  mcHie  lengdiened  fiyrm,  usually  ta- 
pering to  a  point,  convex  on  the  upper  surface,  and  eon- 
cave  beneath.  Many  quadrupeds  are  furnished  with  them, 
and  they  are  usually  found  on  the  toes  c^  birds,  reptiles, 
and  annulose  animals  with  articulated  members. 

d  Nails. — Nails  differ  fVom  horns  Und  claws,  in  the  ar- 
cmnstance  of  not  being  tubular,  but  conasting  of  a  ptate, 
generally  convex  op  the  outer  surface,  and  concave  beneath. 
Where  they  occur,  they  occupy  the  same  position  as  die 
claws,  covering  the  upper  surface  of  the  last  joints  of  the 
fingers  and  toes.  They  derive  their  colour  from  the 
membranes  which  are  beneath.  They  giow  by  the  root ; 
so  that  tlie  parts  which  are  worn  off,  are  soon  supplied. 
They  occur  on  the  toes  of  quadrupeds,  birds,  and  repliies, 
and  pass,  by  insensible  gradations,  into  daws. 

f.  Spurs. — These  occur  chiefly  on  what  is  termed  the 
kg  (tarsus)  of  gallinaceous  birds.  They  are  found,  Hke- 
wise,  on  the  omithorynchos.  Like  horns,  they  are  sup- 
ported in  the  centre  by  bone. 

Horns,  hoofs,  and  similar  parts,  bear  a  close  resemblance 
to  one  another  in  chemical  composition.  When  heated, 
they  sof^n,  and  may  be  easily  bent  or  squeezed  into  parti- 
cular shapes.  They  consist  of  coagulated  albumen,  with  a 
little  gelatine ;  and,  when  incinerated,  yield  a  littie  phos- 
phate of  lime. 

Their  use,  in  the  animid  economy,  is  to  protect  the  soft 
parts  from  being  injured  by  pressure  against  hard  bodie«^ 
They  are  in  general  wanting,  where  the  parts  are  in  no  dan- 
ger of  suffering  from  the  influence  of  such  agents.  When 
torn  off  from  the  base,  they  are  seldom  completely  renewed. 
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although  vcty  remarkable  exertions  are*  frequently  itiode  by 
the  system  to  repair  the  loss  *. 

4.  jSIcsofef.— These  vary  remarkaUy  in  thetr  form)  struc« 
tuie,  mode  of  adheaon,  and  atuatioa  in  different  aiumals. 
In  general  they  are  flat  plates,  variously  marked.  In  some 
cases,  each  scale  conasts  of  several  plates,  the  lowest  of 
which  are  largest;  so  that  the  uj^r  surfiu^  becomes  some-* 
what  imbricated.  Some  scales  adhere  by  the  whole  of  their 
central  surface ;  while  others  resemUe  the  human  nul,  in 
having  the  distal  extremity  free. 

The  composition  of  scales  is  similar  to  that  of  the  cuUcle, 
with  the  addition  of  some  earthy  saks.  They  appear  to  be 
inserted  in  that  layer  of  the  skin,  and  to  resemble  it  in  maj^y 
of  their  properties.  When  rubbed  off,  they  are  easily  re- 
newed, and  frequently  experience  the  same  periodical  reno- 
vations as  the  cuticle.  In  some  cases,  the  butide  may  be 
observed  extended  over  them,  as  in  the  armadilk)s.  In  ge- 
neral, however,  it  only  surrounds  their  base.  They  derive 
their  colour  from  the  mucous  web  on  which  they  are  placed. 

In  quadrupeds,  scales  occur,  covering  tlie  whole  body 
like  a  coat  of  mul^  in  the  armadillos ;  or  certain  parts  only, 
as  the  tail  of  the  beaver  and  rat.  .  In  birds,  the  scales  are 
found  only  on  the  feet  In  reptiles,  they  occur  on  every 
part  of  the  body,  and  are  jJaced  laterally  in  some  ;  while, 
in  others,  they  are  imbricated  like  the  slates  of  a  house.  In 
fishes,  the  scales  are  usually  imbricated,  with  the  distal  edge 
free,  and  the  epidermis  enveloping  their  liase.    In  some  in- 

*  TutPiua  notices  some  curious  cases  of  this  kfnd,  vhich  fell  under  his 
own  observation : — "  Ungues  in  digitorum  apicibus,  semcl  dcpcrditos,  ite<* 
rum  renaaci  novum  non  eat,  sed  raro  id  conspicitur  fieri,  in  secnndo  aut  ter- 
Cio  articttlo,  prioribua  amputatia,  in  4|uibus  tamen  non  semel  eoadcm  vidittUK 
ooo  acfltts  piflgetniinaye  debtemqae  aoqnirere  fomuun,  ac  ti  in  digitorum 
coMiaUnni  apkitwus  dqponente  nonqnam  solicttudiocra  snam  oi&cioaa  n^ 
tanu**— 06aerMfJone«  MedU^y  lib.  iv.  cap.  66. 
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stances,  however,  where  they  are  remarkably  thick,  they  are 
placed  laterally,  and  have  a  covering  of  the  epdermis  spread 
over  them.  They  may  be  observed  on  many  insects,  exhi- 
biting great  varieties  of  fom.  What  are  termed  feathers 
on  the  wings  of  batterflies,  seem  to  be  a  variety  of  scales. 
They  ^e  found,  likewise,  on  ^hc  animals  belonging  to  the 
class  termed  Annelides  by  Cuvieu,  as  on  some  of  the  qpe- 
cies  of  the  Linnsean  genus  Aphix)dita. 

S.  jS%eJb.— Shells  consist  of  layers  of  an  earthy  salt,  irith 
interposed  membranes  of  animal  matter,  resembling  coagu- 
lated albumen.  They  grow  by  the  addition  of  layers  of 
new  matter  to  the  edges  and  intemal  surface.  When  bro- 
ken^ tibe  animal  can  cement  the  edges,  and  fill  up  the  crack, 
gi*  supply  the  defidency,,  when  a  portion  is  abstracted* 

In  general,  they  occur  as  a  covering  to  the  ooriumy.and 
are  protected  by  the  cuticle,  as  in  the  shdl  of  the  snail ; 
but,  in  other  cases,  they  are  imbedded  in  a  cell  of  the  co- 
rium  itself,  as  appears  to  be  the  case  with  the  shield  which 
protect  the  pulmonary  cavity  of  the  slug.  In  some  cases, 
the  coritmi  adheres  to  the  shell  by  a  considerable  extent  o( 
fiurface,  as*  in  many  bivalve  shells ;  while,  in  the  univalves, 
the  body  only  adfaeves  by  one  or  mcnre  muscles  inserted  in 
thejnllar. 

Shelb  differ  remarkably  in  form,  texture,  and  thickness. 
In  some  cases,  they  are  thin  semi-trani^aiaBnl|  and  elastic, 
as  the  shield  of  the  snail  and  aplyaa;  while,  in  otfaesa,  as 
the  volutes,  they  possesa  the.opacityand  hardness  of  marble* 

They  occur  simple,  like  a  scale,  tube,  or  cone  variously 
twisted ;  or  in  the  form  of  douUe  cups,  simply  opposed,  or 
variously  articulated.  In  other  cases,  where  the  shdls  are 
numerous,  they  cover  the  oorium  in  an  imbricated  form,  or 
are  distributed,  over  it  in  detached  scales. 

Shells  are  not  exclusively  the  produclion  of  the  i>i»w*i>lft 
termed  MoBusca.  They  occur,  Kkewise,  as  a  covmi^  to 
several  of  the  Annelides^  as  the  Serpula  and  Dentaliuin, 
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As  aiudogous  to  shells,  as  to  their  use  in  the  animal  .eco- 
nomy,  we  mention  the  membranaceous  sheaths  in  which  the 
bodies  of  several  of  the  annelides  reade,  and  the  tubular 
oovenngs,  some  of  which  are  membranaceous,  others  calca- 
reous, which  protect  the  ssoophy  tes. 

The  earthy  matter  of  dbells  is  lime,  in  union  with  car- 
bonic add.  Phosphate  of  lime  has  likewise  been  detacled, 
but  in  small  quantity.  .The  colour  is  secreted  from  the 
animal,  along  with  the  matter  of  the  shell 

6.  Critf^.— -These  are,  in  general^  more  brittle  in  their 
texture  than  shell.  They  exhibit  remarkable  differences  as 
to  thickness  and  compoation.  They  differ  from  shells 
chiefly  in  containing  a  conaderable  portion  of  phosphate  of 
lime^  and  in  a  greater  subdivision  of  parts.  In  some  cases, 
however,  as  the  crusts  of  the  bodies  of  insects,  the  earthy 
matter  is  almost  absent,  and  they  may  be  regarded  .as  form- 
ed of  cuticle  alone.  Where  they  contain  much  earthy  mat- 
ter, as  in  the  crusts  of  lobsters,  the  epidermis  may  be  de- 
tected as  a  cover,  and  the  oorium  beneath  may  be  perceived 
as  a  very  thin  film.  In  many  cases,  these  crusts  are  re- 
newed periodically ;  and,  in  idl,  they  are  readily  repaired. 
Crusts  occur  in  insects,  the  Crustacea,  and  the  echinoder- 
mata,  or  sea-urchins,  and  star-fish. 

In  examining  these  different  appendices  of  the  skin^  we 
percdve  that  they  pass,  by  insensible  degrees,  into  one  an- 
other, as  ludr  into  tffioes,  horns  into  nails,  scales  into  shells, 
and  trusts  into  membranes.  They  have  all  one  common 
origin,  namely,  the  skin;  and,  independent  of  secondary 
purposes,  they  all  serve  for  protection. 

III...^ECA£TIONS  or  THK  SxiK. 

Besides  these  appendices  of  the  skin,  which  we  Iiave  enu- 
merated, it  yet  remains  that  we  take  notice  of  some  of  its 
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peculiar  secretions^  and  the  puqposes  wfaidi  these  serVe  in 
the  anima]  economy.  One  class  of  these  secretions  performs 
the  office  of  lubricating  the  skin ;  another  of  regukUmg  the 
temperature  of  the  body ;  and  a  third  of  carrying  off  the 
superfluous  carbon. 

As  the  skin  forms  the  external  coveriii^  of  the  body»  it  is 
therefore  exposed  to  the  deeomposiog  influence  of  the  at- 
mosphere or  the  waters.  Were  no  remedy  provided,  its 
texture  would  soon  be  destroyed;  by  desiccatkm  in  the 
one  case,  and  maceraUon  in  the  other.  But,  for  the  pre- 
vention  of  these  effects,  the  skin  is  liberally  supplied  with 
vessels,  which  secrete  upon  its  surface,  fluids,*  varying  in 
thdr  nature,  according  to  the  wasting  agents  which  act 
upon  it  They  may,  however,  be  divided  into  two  kinds ; 
the  unctuous  and  the  viscous ;  on  the  nature  of  which,  we 
shall  off*er  a  few  d[)servations. 

1.  Unctuous  Secretions.  —These  are  confined  to  animals 
which  have  warm  blood  and  the  cells  of  the  cellular  web 
filled  with  fat,  as  mammalia  and  birds. 

An  oily  matter  is  secreted  fn»n  the  whole  skin  of  mam- 
malia, in  a  manner  not  very  satisfactorily  determined.  It 
coats,  likewise,  the  hairs,  and  /serves  to  prevent  the  air  from 
drying  these  parts  too  much,  or  the  water  from  wetting  them. 
It  keeps  the  skin  of  the  whale  so  soft  and  smooth  as  to  ap- 
pear like  oiled  silk ;  and  the  seal,  and  other  aquatic  mam- 
malia, emerge  from  the  watar  with  their  fur  ^  dry  a&  if 
they  had  been  executing  their  movements  on  land 

In  some  cases,  the  glands,  which  ^eerc^  an  unctuous 
matter,  are  numerous  in  particular  places,  aiid  th^r  open-, 
ings  become  obvious  to  the  eye,  as  in  the  human  nose,  and 
below  the  under  lip,  from  which  the  greasy  matter  may  be 
squeezed,  like  little  wonns.  These  glands  are  likewise  nu- 
merous in  die  arm-pits;  and,  in  mauy  quadrupeds,  they 
occur  in  little  hagb  near  tjjc  anus.     In  birds  tlujy  unite, 
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and  fiorm  a  ooinpound  gland  <»a  the  rump,  the  oily  matter 
of  which  18  squeezed  out  by  the  bill,  and  spread  over  the 
feathers.  What  b  termed  the  gceni  of  an  animal  is  probau 
Uy  a  volatile  oil,  secreted  along  with  this  unctuous  matter 
Cram  these  sebaceous  glands. 
^  £.  Viscous  SecKeticna.^'Jn  the  animals  with  cdd  blood,  se- 
cretions are  produoed,  by  the  skin,  of  substances  differing  in 
quality  from  those  of  warm-blooded  animals;  but  destined 
to  sorve  the  same  purposes,  namely,  to  protect  the  skin 
from  the  action  of  the  surrounding  element.  The  fluid 
which  is  secreted,  has  never  been  examined  with  care.  In 
some  cases,  it  appears  gliury  and  adhesive,  as  in  the  com- 
mon slug,  resembling  albumen ;  or  mucous  and  slippery,  as 
ifk  the  con^non  eel,  approaching  in  its  properties  to  gelaUoe. 
As  thb  last  animal,  however,  turns  whitish  when  plung^ 
in  IxHling  water,  the  jsecretion  likewise  contains  idhumea. 

The  pores  from  which  this  Viscous  matter  is  secreted,  are 
frequently  viable  to  the  naked  «ye  in  the  larger  animal^ 
They  are  connected^  in  fishes,  with  vessels  whidi  traverse  the 
body  unijer  the  skin,  and  pontain  the  fluid ;  and  they  fre- 
quently apypear  on  the.  surface  in  regular  bows. 

Besides  these  two  kinds  of  secretions  poured  forth  by  th« 
akin,  which  may  be  named  protecting  secretions,  there  is  a 
third,  peculiar  to  quadrupeds,  known  under  the  name  of 
Sweat. 

8.  SwsaL^r^In  orcfinary  cases,  th^  aweat,  as  it  escapes 
'GcfW  the  skin,  is  in  a  state  of  vapour,  and  invisible  to  the 
eye^  The  quantity,  however,  which  flies  off,  is  considers* 
Ue ;  and  has  been  estimated  by  LAvoisiEa  and  Sjeguik^ 
jo  amount,  in  the  human  body,  to  1  lb.  14  oz.  in  twenty- 
four  hours.  When  oolleeted  ofi  the  interior  surface  of  a 
glass  vessel,  it  possesses  the  properties  of  pure  water.  When 
obtained  from  flannel  worn  on  the  skin  for  several  days,  it 
yielded  to  Th£Narj»  acetic  add,  and  conunon  salt,  tcge- 
tber  with  an  animal  matter  resembling  gelatine,  and  traces 
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of  phospliate  of  lime  and  oxide  of  iron.  But  when  procured 
by  this  method,  it  is  impure,  being  mixed  with  the  fat  of 
the  unctuous  secretions. 

When  the  body  b  subjected  to  violent  exerdse,  or  expos- 
ed to  a  hot  atmosphere,  the  sweat  becomes  visiUe  to  the 
eye  like  drops  of  dew,  at  the  pores  from  whidi  it  issues. 
In  this  state,  it  is  fluid  like  water,  but  has  a  perceptibly 
saltish  taste.  Berzelius  collected  a  few  drops  of  sweat, 
as  they  fell  from  his  face,  and  evaporated  them  carefully. 
**  The  yellowish  readue  had  all  the  appearance  under  the 
microscope,  of  the  usual  mixtures  of  potash  and  soda,  with 
lactic  acid,  lactate  of  soda,  and  its  accompanying  animal 
matter.  It  reddened  litmus,  and  dissolved  in  alcohol; 
and  was,  without  doubt,  of  the  same  nature  as  the  analo- 
gous matter  found  in  the  other  fluids.'*^ 

From  the  drcumstance,  that  the  quantity  of  sweat  per- 
spired,  is  in  proportion  to  the  temperature,  bang  scarcely 
perceptible  when  the  surface  of  the  body  is  disagreeaUy 
ooid,  but  copious  when  heated  to  excess,  it  has  been  con- 
cluded, that  this  secretion  is  intended  to  regulate  the  degree 
of  animal  heat,  and  prevent  its  accumulation  beyond  cer- 
tain limits.  The  defidency  of  perspiration  in  the  dog,  is 
made  up  by  the  copious  discharge  of  saliva  which  takes 
place  when  the  animal  is  heated  by  haid  exerdse. 

When  the  sweat  reaches  the  surface  of  the  body,  it  be- 
gins to  evaporate ;  and,  as  fluids,  in  pasdng  to  a  state  of  va- 
pour, absorb  a  <}uantity  of  heat,  the  sweat  abstracts  caloric 
from  the  body,  and  reduces  its  temperature.  The  coding 
eflect  of  evaporation,  may  be  fdt  by  any  one,  upon  wetting 
afinger  and  exposing  it  to  the  air.  It  will  soon  become  cold- 
er than  the  others  whidi  were  left  dry. 

There  is  still  another  secretion  which  takes  place  from 
the  skin,  diflering  from  those  which  we  have  already  enu- 
jnerated^  and  consisting  in  die  emission  of  carbon. 
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4.  Carbon, — When  the  human  hand  is  confined  for  aome 
hours  in  a  vessel  filled  with  atmospheric  air,  a  portiiH)  of 
carbonic  add  makes  it  appearance.  When  the  same  hand  ' 
is  confined  in  a  jar  with  mercury,  Kme-water,  or  hydrogen 
gas,  no  carbonic  acid  makes  its  appearance.  The  skin  does 
not,  dierefore,  give  out  the  carbonic  acid.  But  in  the  first 
experiment,  a  portion  of  the  oxygen  disappears,  equal  to  the 
quantity  contained  in  the  carbonic  add  that  is  produced. 
We  here  see  the  origin  of  the  oxygen  of  the  acid ;  and  as 
no  other  body  is  present,  capable  of  furnishing  the  other  in- 
gredient, the  carbon,  the  conclusion  that  it  is  givai  out  by 
the  skin  b  irresistible.  In  the  lower  animals,  the  same 
emisfflon  of  carbon  from^the  skin  has  been  ascertained  by 
the  labours  of  Spallahz ani,  PB0VBif9AL  and  Humbolbt. 
They  found,  that  the  skins  of  fishes  produced  carbonic 
aod,  as  well  as  the  ^s;  and  that  when  frogs  were  de- 
prived of  their  lungs,  atinospheric  air  was  still  decompos- 
ed* 

It  is,  perhaps,  difficult  to  point  out  the  purposes  which 
this  emisaon  of  carbon  from  the  skin  serves  in  the  animal 
economy.  It  appears  to  be  a  secondary  kind  of  respiration, 
which,  while  it  removes  from  the  system  the  superfluous 
carbon,  probably  regulates  the  distribution  of  animal  heat. 
But  of  this  we  shall  speak  more  at  large,  when  we  come  to 
treat  of  the  organs  of  resjnration. 

There  are  several  drcumstances  which  prove,  that  the 
skin  of  the  human  body,  in  particular  states,  b  capable  of 
exerting  an  absorlnng  power.  Whether  the  absorption  takes 
place  by  peculiar  vessels,  or  by  the  exhaling  vessels  having 
thdr  motions  reversed,  or  whether  absorption  ever  takes 

*  We  refer  die  mder  for  a  minnte  and  candid  account  of  this  cntaneous 
cmisskm  of  carbon,  to  ^<  An  Inqoiiy  into  the  changes  induced  in  Atmosphe^ 
ric  Air,  by  the  germination  of  Seeds,  the  Vegetation  of  Plants,  and  the  Res- 
piration of  Animals  ;**  by  Dahibl  Elus,  Svo,  Rdfai,  part  i  1807,  and  pert  iL 
1811 )— •  wotk  wbkh  exhibits  aocwate  infiifmation  and  great  cantioik 
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place  in  the  state  of  health,  are  questions  to  which  no  satis- 
factory ani^wer  has  been  given. 

In  the  view  which  has  been  taken  of  the  skin,  its  hiy- 
ers,  appendices  and  functions,  no  characters  have  presented 
themselves  of  any  great  value  in  the  construction  of  primary 
diviwHis  in  the  dasaification  of  ^animals.  The  cuticle  and 
the  corium,  perhaps,  exist  in  all  animals.  In  aoroe^  the 
mucous  web  is  the  seat  of  colour;  but  when  this  layer  can 
no  longer  be  detected^  we  sdll  find  the  remaining  layers  of 
Che  skin,  and  th^  appendices,  presenting  even  a  brilliant 
diq>lay  of  colours,  intimatiiig,  that  its  absence  has  been 
supplied,  by  the  action  of  some  of  the  other  layers.  The 
museular  web  is  present  in  some,  and  almost  dlisent  in  other 
animals,  even  of  the  same  class ;  and  the  same  observation 
holds  true  with  respect  to  the  cellular  web. 

Hair  b  not  peculiar  to  the  mammalia.  It  is  found  on 
Urds  and  even  worms.  Feathers,  however,  are  peculiar  to 
birds,  as  nothing  analogous  has  been  observed  on  the  bodies 
€xf  othar  animals.  Horns,  scales,  shells,  and  crusts,  aie 
found  on  animals  so  widely  different  in  form,  structure  and 
habits,  as  to  forbid  the  employment  of  the  characters  which 
they  furnish,  in  the  ccmstruction  of  divisions  of  a  high  or- 
der. La^y,  however,  Cuvieu  has  distnbuted  animals  into 
four  diviflons ;  Vertebral,  Mpllusppus,  Articulated  and  Ra- 
diated. The  eodemai  character  of  the  Articulated  division, 
in  which  insects,  lobsters  and  worms  sre  included,  is  found- 
ed on  the  appearances  presented  by  the  sldns  of  the  ani- 
iDoals  whidi  it  includes.  In  these,  the  body  is  cither  in 
whole  or  in  part  formed  iqto  rings,  by  means  of  transverse 
plates  of  the  skin,  or  the  skin  ccMitains  scales  or  crusts,  plaoed 
like  rings  on  the  body,  or  some  of  its  parts. 

If  the  arrangement  of  the  skin  and  its  appendices,  in 
whole  or  in  part,  iijitp  r^igs,  was  exelufsiyely  confined  to 
those  animals  which  are  rsgarded  as  belonging  lo  the  aQBtv 
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lofle  dmffloo,  the  iavestigatiaQS  of  the  student  would  be 
greatly  facilitated  by  its  oonstructioD,  as  the  character  is  ob- 
vious and  defined*  This,  unfortunately,  is  far  from  bdng 
the  cue.  The  scales  on  the  body  of  the  armadillo,  and 
on  the  tail  of  a  rat,  are  more  obviously  annulose  than  the 
crust  of  the  caah  or  the  body  of  the  a[dirodite. 

This  external  character,  therefore,  is  somewhat  deficient 
in  precision,  or  rather  in  exclusive  properdes ;  and  when 
emidoyed  to  deognate  a  primary  division,. may  mislead  or 
bewilder  the  student  This  is  the  move  to  be  regretted,  as 
the  internal  or  essential  character  of  the  division  requires 
dissection,  and  is  difficult  to  detect  It  is  taken  from  the 
appearances  presetted  by  the  nervous  system. 


CHAP.  VIL 

ON  THE  OSSEOUS    SYSTEM,    INCLUDING    THE  COMPOSITION, 
ARTICULATIONS  AND  AKBANGEMENT  OF  BONES. 

Xh£  of^ms  which  we  examined  in  the  preceding  chapter, 
are  generally  considered  as  destined  for  protection,  and  are, 
therefore,  placed  on  the  exterior  of  the  body.  The  Ixxies 
occupy  a  different  position.  They  are  seated  in  the  inte- 
rior; and  while  they  likewise  assist  in  protecting  many  inir 
portant  organsj^  they,  at  the  same  time,  give  stability  to  the 
frame,  support  to  the  muscles,  and  afford  levers  for  the  exe- 
cution of  looomption. 

I. — Composition  of  Bones. 

In  considering  the  nature  of  bone,  it  will  be  of  ad  vanti^ 
to  the  reader,  to  be  made  acquainted  with  its  composition, 
in  order  to  understand  its  mode  of  growth.  The  different 
parts  of  which  bones  consist,  may  be  reduced  to  four ;  the 
periosteum,  cartilaginous  basis,  earthy  matter,  and  fat. 
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1.  PerioHeum. — This  bean  the  same  relalioii  to  the  bone 
as  the  skm  to  die  body,  serving  as  a  coveriiigf<H'  its  surface, 
and  a  sheath  for  the  different  cavities  which  enter  it.  It 
varies  in  thickness,  according  to  the  nature  of  tlie  bone.  Its 
texture  is  obviously  fibrous ;  and  it  possesses  bloodvessels. 
Its  sensiUlity  indicates  the  existence  of  nerves.  Where 
this  organ  covers  cartila^nous  processes,  it  is  called  Peri- 
chondrium. 

8.  Cariilagimma  basis. — ^This  part  of  bone  apparoitly 
ccmsists  of  gelatine  and  coagulated  albumen.  The  gelatine 
may  be  obtained  by  bcnling  the  bone,  previously  broken  in- 
to small  fragments,  for  a  considerable  time  m  water.  If  the 
liquor  be  sufficiently  concentrated,  it  will  geladnise  when 
cold.  The  coagulated  albumen  may  be  obtained,  by 
removing  the  earthy  salts  by  means  of  weak  muriatic  acid. 
What  remains  is  termed  cartilage.  It  retuns  the  original 
figure  of  the  bone;  and  may  be  oonridered  astlie  frame,  in 
the  cells  of  which  the  earthy  matter  has  been  dqpoated.  It 
contains  numerous  bloodv^sels,  which  reach  it  by  passing 
through  the  periosteum. 

9.  EarOiy  Matter.^^The  quantity  of  earthy  matter  may 
be  ascertained,  by  expoong  the  bones  for  some  time  to  a  red 
heat  The  cartilaginous  bams  is  consumed,  and  the  earthy 
matter  n  left  behind ;  or  the  earthy  matter  may  be  obtain- 
ed in  solution,  by  steeping  the  bone  in  diluted  muriatic 
acid.  It  chiefly  consists  of  lime  united  with  phosphoric  add, 
forming  phosphate  of  lime.  Carbonate  of  lime  occurs,  but 
genendly  m  small  quantity.  Phosphate  of  magnesia  is  like- 
wise  found,  sometimes  to  the  amount  of  S  per  cewU  H at« 
CHETT  detected  a  minute  portion  of  sulphate  of  lime ;  and 
Beezelius  has  confirmed  the  observation  of  other  experi* 
mentalists,  as  to  the  occurrence  of  fluate  of  lime  to  the  extent 
iX^per  cetU. 

4.  Fai, — This  part  of  bones  bears  a  dose  resemblance 
to  die  fixed  oils.     Iii  some  boncs^  as  those  of  whales,  it  oc- 
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curs  fluid  like  oil.     In  the  hoUow  bones  of  oxen,  it  appears 
more  like  butter,  and  is  the  well  known  substance  termed 

mOTTCW,* 

When  we  trace  the  progress  of  the  growth  of  bone,  from 
its  first  appearance  in  thefixtus,  unto  its  perfect  state  in  the 
adult  animal,  we  perorive,  that  the  cartilaginous  basis  and 
the  periosteum  exist  during  every  peripd:  the^  are  the  only 
parts  which  are  orgamsed,  and  are  capaUe  of  enlargement 
in  every  direction.  At  the  commencement  of  the  growth 
of  thebme,  the  cartilaginous  basb  is  soft,  flexible^  and  ge^ 
latinous.  By  degrees  the  earthy  matter  is  d^KMSted.  It 
prooeeds,  as  it  were,  firann  centres  near  the  surface  of  the 
cartilage.  In  the  case  of  flat  bones,  the  earthy  matter  is 
deposited  like  two  plates,  one  above  the  other,  which  gr». 
dually  unite  at  their  edges,  leaving  a  space  between  them, 
in  which  the  earthy  matter  is  more  cellular  than  the  exterior 
crusts.  This  space  is  termed  iiploi*  In  each  plate,  there 
are  one  or  more  centres  of  ossification,  where  the  earthy 
■uitter  is  £rst  dqmited,  and  from  which  it  is  gradually  ex- 
tended over  the  whole  surface*  In  the  long  bones,  these 
centres  of  osrification  are  moro  numerous.  The  central 
ports  are  also  more  ceOular  than  the  surface,  and  called 
their  ranfdS  or  lattice-work.  The  fat,  in  general,  resides 
in  the  cancejDS,  and  in  the  hoUow  parts,  towards  the  centiie 
of  the  bone. 

The  bones  increase  in  size^  not  as  in  shells,  scales,  or 
horns,  by  the  addition  of  layers  to  the  internal  surfiu^e,  but 
by  the  expanaon  of  the  cartilaginous  basis;  which,  wh^i  it 
becomes  saturated  with  earthy  matter,  is  incf^pable  of  far- 
ther enlargement  This  is  the  reason  why  the  bones  of 
young  animals  are  soft  and  flexible,  while  those  of  old  ani- 
mals are  hard  and  brittle. 

The  jHKiportion  between  the  cartilaginous  basis,  and  the 
earthy  matter,  differs,  not  only  in  every  animal  acocnding 
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to  ag^,  the  earthy  matter  being  smallest  in  youth,  bat,  like- 
wise, according  to  the  nature  cf  the  bone  itaelF,  and  the 
purposes  which  it  is  desuned  to  serve.  The  teeth  contam 
the  largest  portion  of  earthy  matter.  RemarkaUe  d^e- 
renoesane  likewise  observable,  aooordingtotfaeclaBsorspe. 
des.  The  bones  of  quadrupeds  and  birds  oootain  a  mudi 
greater  proportion  of  earthy  matter  than  those  of  reptiles  or 
fishes.  In  some  fishes,  the  earthy  matter  is  so  small,  that 
the  cartiliEige  continues,  during  the  whole  life  of  tfie  aiu« 
mal,  soft,  flexible,  and  elastic,  as  the  spme  of  the  lamprey, 
or  a  little  more  indurated,  as  in  the  bones  of  the  skate  and 
shArk.  .These  fishes  have  been  termed  cariiiaginoug. 
Even  in  those  fishes  which  are  termed  osseous,  the  cartilage 
bears  a  mudi  greater  proportion  to  the  eardiy  matter  dian 
in  quadrupeds. 

Bone  is  reacfily  reproduced,  in  smidl  quantities,  espeinal- 
ly  in  youth;  In  the  case.of  finctilre,  the  periosteum  in- 
flttnes  aiki  swells,  the  crevice  is  filled  up  by  a  cartilapnous 
basb,  aboundmg  in  vessds,  and  the  earthy  natter  is  «t 
length  depcdted,'  giving  to  the  fractured  part,  in  many 
cases,  a  greater  degree  of  strength  than  it  originally  pos- 
sessed. 

In 'animals  of  the  deet  kind,  the-homs,  wUch  ue  true 
JxNM^  aM  ahmndfy  cM;  off;  «t)atuhil.j6int  forming  aitbdr 
base,  between  them  and  the  bones  of  the  cranium,  iridi 
whicfa  they  av6  connect^}.  l%ey  aire  afterwards  reprodnced 
under  a  skin^or  periottemki,  wfaiehahe  ioihhal  miya  off  when 
the  iew  hoihs  have  kttanied  di«r*  proper  sise. 

In  *sotiie  t»0e^  of  (fisetod,  the  earthy  matter  is  agam 
aorbed'into  the  system,  th^  cartilaginous  basis  predomi- 
nates, and  the  lx>nes  become  soft  and  tender.  This  takes 
place  in  the  disease  of  youth,  termed  RkkeiSj  and  in  a  si- 
milar complaint  of  advanced  Ufe,  known  under  the  name  of 
MoOUies  oBsmm.      In  other  instances,  bone  is  fcHined  as  a 

2 


Digitized  by  CjOOQ IC 


COMPOSITION  OF  BONES.  1 1 1 

moDsCrous  production,  in  organs  which  do  not  produce  it 
in  a  state  o(  health,  as  the  brain,  the  heart,  and  the  pla;- 
oeota*. 

The  atdkary  colour  o£  bone  is  white.  This,  holrever, 
is  vauaHy  miiced  with  other  odours  in  the  teeth  of  herbivo- 
rous quadrupeds.  The  bones  of  some  vai^ieties  of  the  oonr^ 
moo  fowl  approach  to  hhckness,  and  in  some  fishes  they 
ate  tinged  with  green.  The  nature  of  the  food  exerdses  a 
considerable  influence  over  the  colour,  as  demonstrated  by 
the  red  tint  whieh  die  bones  of  fowls  acquire,  when  mad* 
der  is  mixed  with  their  food. 

The  texture  of  bones  exhibits  many  remarkable  varie-' 
ties.  It  b  compact  in  some  places,  as  the  teeth  and  bones 
of  the  eor, — ^fibrous  as  the  bones  of  the  head  in  a  foetus^—*  . 
or  eethilar  as  those  of  the  head  of  the  oetacea.  In  bones, 
there  are  likewise  tc»tuou8  holes,  termed  sinuaeSy  differing 
from  those  containing  the  bloodvesseb  or  marrow,  and 
communicating,  more  or  less,  directly  with  the  exterior  of 
the  body. 

The  surface  of  parUcular  bones  is  irregular,  p-esenting 
eminences  which  are  termed  processes^  (apophyses.)  Wheh 
these  processes  are  united  to  the  bone  by  the  intervention 
of  cartilage,  which,  with  age,  becomes  ossified,  they  are 
termed  Epiphj/&e8. 

As  intimately  connected  with  bone^  we  may  hexe  take 
notice  dfCa/riUage.  This  can  scarcely  be  said  to  differ  in 
its  nature^  frcnn  the  eartilaginons  basis  of  the  heme.  It  is 
of  a  fine  fibrous  structure,  smooth  on  the  sudS^^,  and  re>- 
Hiarkably  elastic  It  covers  those  parts  of  bones  which  are 
exposed  to  friction,  as  the  joints,  and  is  thickest  at  the 
point  of  greatest  pressure.  By  its  anoothness,  it  facili^ 
tates  the  motion  of  the  joints,  and  its  elasticity  prevents  the 
bad  effectB  of  any  violent  concussion.      It  is  intimately 

*  MoKRo*f  Outlines  of  Aoatomy,  p.  S8. 
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united  with  the  bone,  and  ean  scarcely  be  regarded  as  di£. 
ferent  from  an  ekmgadonof  the  cartilaginous  basis.  Where 
it  occurs  at  a  joint  with  considerable  motion,  it  is  termed 
articular  pr  cbducemt  cartilage.  In  other  cases,  it  occurs 
as  a  connecting  medium  between  bones  wUch  have  no  ar- 
tkukr  surfiMxs,  but  where  a  variable  degree  of  motion  is 
requisite.  The  ribs  are  united  to  the  breast-bone  in  this 
manner.  Between  the  diffierent  vertdus,  there  are  inter, 
posed  layers  of  cartilage,  by  whidi  the  modoos  of  the  qnne 
are  greatly  facilitated.  As  these  connecting  cartilages  are 
compressible  and  elastic,  the  spine  is  shmtened  Vhen  the 
body  remuns  long  in  a  vertical  position,  owing  to  the  su- 
perincumbent pressure.  Hence  it  is  that  the  height  of  man 
is  alwajTS  less  in  the  evening  than  in  the  morning.  All  these 
cartilages  are  more  or  less  prone  to  ossification,  in  conse- 
quence of  the  deposition  of  earthy  matter  in  the  interstices. 
To  this  drcumstance  may  be  referred,  in  a  great  measure^ 
the  stifihess  of  age,  the  elastidty  of  the  cartilages  decreas- 
ing with  the  progress  of  ossification. 

Cartilage  occurs  even  unconnected  with  bone,  in  parts  of 
the  system  where  strength  and  elasUdty  are  required. 

II.   AkTICULATIOKS  07  THE  BoVES. 

The  manner  in  which  the  bones  of  the  skeleton  are  unit- 
ed to  one  another,  exhibits  such  remarkable  difierences,  in 
respect  to  surface,  connection,  and  motion,  that  anatomists 
have  found  it  difficult  to  give  to  each  kind  of  articulation  an 
appropriate  name,  and  a  distinguishing  character.  With- 
out attempting  to  enter  into  the  details  of  the  subjedt,  it 
will  be  suflicient  for  our  purpose,  to  enumerate  the  noora 
obvious  kinds  of  articulation,  and  the  motions  each  is  des- 
tined to  perform ;  not  confining  our  attenticm  to  the  bones 
of  the  vertebral  animals,  but  including  the  modes  of  jonc- 
tion  between  the  hard  parts  which  supply  the  place  of 

bones  in  the  lower  animals. 

s 
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The  different  kinds  of  articulatbns  naturally  admit  of  a 
<livision  into  two  classes.  In  the  first  may  be  placed  the 
truejimtBj  which  possess  articular  surfaces,  surrounding  li<- 
gaments,  and  a  lubricating  liquor.  In  the  second,  there  are 
no  articular  surfaces,  the  lines  of  junction  either  uniting  by 
contact,  or  by  the  intervention  of  some  connecting  sub- 
stance. The  joinings  are  secured  by  a  continuation  of  the  pe- 
riosteum of  the  one  bone,  until  it  unites  with  that  of  the  other. 
The  first  class  of  articulations  is  usually  termed  Diarthro- 
sisj{iui  per  Mf^M  artus) ;  the  second  has  been  long  known  by 
the  titie  of  Symphisis.  As  the  articulation  by  symphysis  is 
the  most  simple  in  its  structure,  we  shall  consider  its  charac- 
ters in  the  first  place. 

1.  Articulation  by  Si/mpht/sis.'^This  kind  of  junction 
takes  place  either  without,  or  by  means  of  a  connecting  me- 
dium. The  articulation  which  has  no  connecting  me- 
dium, is  usually  termed  Synarthrosis  ;  that  in  which  there 
is  a  connecting  medium  Amphiarthrosis. 

Synarthrosis  is  a  mode  of  junction  which  admits  of  no 
motion,  the  connecting  surfaces  coming  into  close  and  per- 
manent contact  When  two  flat  bones  join  each  other  by 
th^r  edges,  the  line  of  division  is  called  the  suture.  It  is 
termed  serrated  when  the  edges  are  jagged,  and  when  the 
projections  of  the  one  edge  are  received  into  recesses  in  the 
other.  The  bones  of  the  human  skull  afford  fine  exam- 
ples of  this  kind  of  junction.  It  is  usually  obliterated  in 
old  age  by  the  crevices  bang  filled  up  with  osseous  mat- 
ter. The  dove4ail  in  architecture,  is  merely  an  imitation 
of  the  serrated  suture.  When  die  edges  of  the  bones  are 
even,  and  come  in  contact  without  indentation,  the  suture 
is  said  to  be  harmonic.  Examples  of  this  kind  occur  in 
the  bones  of  the  head  in  quadrupeds  and  birds.  It  is  ad- 
mirably exhibited  in  the  junctim  of  the  plates  of  the  crusl 
VOL.  I.  H 
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of  the  sea  utxhrn^  (Echinus  esculentus,  L.)  When  the 
thin  edge  of  a  flat  bone  covers  that  of  another,  the  suture 
is  called  squamous.  It  is  very  common  in  the  bones  of  the 
heads  of  fishes.  In  these  three  kinds  of  sutures,  where 
.  they  occur  in  vertebral  animals,  the  line  of  separation  is 
most  distinct  in  youth,  and  gradually  disappears  in  advan- 
ced life,  by  the  two  bones  becoming  ossified  into  one.  In  the 
kind  of  junction  we  are  now  to  notice,  this  never  takes 
place. 

When  a  pit  in  one  bone  receives  the  projecting  extre- 
mity of  another,  the  junction  is  called  GwnphosiSj  (y«fcf«( 
cimeus^  because  the  one  bone  is  inserted  like  a  wedge  into 
the  cavity  in  the  other.  The  teeth  in  man  and  other  qua- 
drupeds, and  the  hooks  in  the  snout  of  the  saw-fish,  afford 
good  illustrations  of  this  kind  of  junction.  It  is  unknown 
among  the  invertebral  animals. 

There  is  another  kind  of  immoveable  articulation,  exhi- 
bited in  the  claws  of  cats,  seals,  and  many  other  animals.  It 
consists  in  the  one  bone  having  a  cavity,  with  a  protuber- 
ance at  its  centre,  which  receives  another  bone  or  hard  part, 
sheathing  it  at  the  margin,  and  projecting  into  its  interior 
at  the  centre.  The  claws  are  fixed  in  this  manner  on  the 
last  phalanges  of  the  fingers  and  toes  of  the  above  mention- 
ed animals ;  and  thus  have  a  bony  cone  and  duplicature, 
to  give  greater  staUlity  to  thor  base. 

AmphiarArosis — ^is  a  mode  of  junction  between  bones, 
by  the  intervention  of  a  substance,  softer  and  more  plia^ 
ble,  by  means  of  which,  a  degree  of  motion  is  permitted, 
limited  by  the  extent  of  its  flexibility.  Where  two  bones 
are  united  by  the  intervention  of  cartilage,  as  is  most  fre- 
quently the  case^  the  junction  is  termed  Synchondrosis^ 
{avf  cum  x*^^*i  cartilago.)  In  this  manner  the  ribs  are  unit- 
ed with  the  breast-bone,  and  the  two  sides  of  the  lower  jaw 
with  each  other,  in  the  rertebral  animals.    The  motion  in 
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tlus  caae  is  limited  by  the  dimeiuums  of  the  intenrening 
cartilage,  sometimes  by  its  nature ;  for,  where  it  serves  to 
oonnect  the  vertebrse  of  quadrupeds,  it  is  much  more  4ex^ 
iUe  and  elastic  than  it  is  in  the  other  parts*  Where  two 
bones  are  united,  by  the  int^yeotion  dt  ligament,  or  even 
skin,  the  junction  may  be  termed  SyndesmoaU^  (fvA^fm  K- 
gamtnium,)  It  is  hamumic  when  the  even  edges  of  thio 
bones  are  prevented  from  coming  in  contact,  or  from  reced- 
ing) l>y  ^  intervening  soft  part.  In  this  case,  the  extent 
of  motion  is  limited  by  the  degree  of  flexion  or  extension 
of  which  the  connecting  medium  is  susceptible.  The  shdis 
of  the  Berhade  (Lepas)  affi>rd  good  examples  of  this  kind  of 
connection.  In  the  squamous  s^ndesmosis^tbeihin  edgeof  one 
bone  covers  the  surface  of  another,  in  such  a  manner  as  to 
permit  both  bones  to  slide  upon  each  other.  The  gill-flaps 
of  many  flshes,  some  of  the  hemes  of  the  head  of  the  lamprey, 
and  the  dorsal  plates  of  the  cfiitofu  exhibit  this  kind  of  arti- 
culation. In  the  syndesmosis,  by  inclusion^  the  bones  or  hard 
parts  are  in  the  form  of  tubes,  united  to  each  other  at  the 
extremities  by  a  common  membrane  passing  from  the  one 
to  the  other.  When  the  common  membrane  is  long,  fleid- 
ble,  and  elastic,  almost  eveiy  kind  of  motion  may  be  per- 
formed. When  the  tubes  are  nearly  in  contact,  a  lateral 
movement  only  can  be  executed,  by  a  part  of  the  drcumfe- 
renoe  of  the  one  tube  penetrating  the  interior  of  the  other. 
When  the  one  tube  is  smaller  than  the  other,  it  may  be 
withdrawn  into  the  cavity  of  the  larger,  or  extended,  at  the 
will  of  the  animal.  There  are  frequentiy  processes  and  ca- 
tties in  the  contiguous  margins  of  the  tubes,  which  regu- 
late the  directicm  and  extent  of  the  motion  this  kind  of 
junction  is  deagned  to  perform.  Numerous  examples  of 
articulation  by  inclusion,  occur  in  the  limbs  of  insects  and 
crabs. 
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When  bones  are  united  bj  the  intervention  of  fleah,  the 
junction  is  termed  SjfisareoriSy  (rw  cum  m^  caro.)  Of  this 
sort  is  the  union  of  the  scapula  with  the  ribs.  In  some 
tases,  particularly  in  the  junction  of  the  upper  mandible 
-with  the  head,  in  many  bhrds,  there  is  an  intervening  thin 
bony  plate,  which  bong  flexible,  admits  of  a  small  degree 
of  motion,  and  thus  constitutes  an  example  c£  osseous  am- 
phiarthrosis; 

5t  JfOailaiian  6y  JSJarAroM— jMsents  several  varie- 
ties differing  in  the  forms  of  the  articular  surfiKses,  and  the 
kindof  motion  of  which  they  are  susceptible.  Theaiticu- 
lar  surfaces  are  enveloped  with  cartilage,  remarkaUe  fiarthe 
smoothness  of  its  free  surftce^  and  its  intimate  union  with 
the  bon^  of  which  it  forms  a  protecting  *coyeriqg.  The 
periosteum  is  not  continued  over  the  surface  o(  the  carti- 
lage, but  is  pfobnged  like  a  sheath  over  the  joint,  until  it 
joiiks  that  of  the  oppodte  bone.  It  thus  forms  a  dose  bag 
at  the  joint,  into  which  nothingfiom  without  can  enter,  and 
from  whidi  nothing  can  escape.  Into  this  bag  the  lubrica- 
ting liquor  termed  Sjfnavia  is  conveyed.  It  is  secreted 
by  a  mucous  membrane  on  the  interior,  on  which,  as  it  in 
some  cases  appears  like  little  bags^  the  term  bursa  wwcosa 
has  been  bestowed  upon  it 

The  nature  of  synovia  has  never  been  investigated  with 
much  care  or  success ;  even  the  experiments  wfaidi  have 
been  detailed,  afibrd  resulu  so  very  diffac^ent,  that  no  accu- 
rate condusions  can  be  drawn  from  them,  although  the  ^- 
noviaof  the  joints  of  oxen  has  been  exdusively  employed. 
The  two  fblbwing  analyses  may  here  be  exhibited. 
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Water,            .             .  80.46  98.8 

Fibrous  matter,      r         -  11.06 

Albumen,            .           •  4.58  .53 

Gelatine  and  Mucilage,  -  .93 

Muriate  of  Soda,      -        .  1.75  .28 

Soda,                 .             .  .71  a  trace. 

Phosphate  of  lime,              .  .70  — ... 


100.00     99.99 
Margueron  ♦,    /.  Davy  f . 

Besides  t(ie  sheath  formed  hy  the  O(»itinuation  of  the  p(>- 
liosteum,  a^d  which  b  too  slender  to  retain  the  bones  in 
their  proper  place,  the  joints  are  furnished  with  ligamenU. 
These  are  membranes  of  a  dense  fibrous  texture,  flexible, 
elastic,  and  possessed  of  great  tenacity.  They  have  their 
insertion  in  the  periosteum  and  bone,  with  which  they  are 
intimately  united.  When  they  follow  the  course  of  the  pe- 
riosteum, and  form  a  sheath  round  the  joint,  they  are  term- 
ed  capsular.  When  they  occur  as  broad  belts  on  the  odes 
of  the  joint,  they  i^  called  lateral;  and  when  they  pass 
fixmi  one  articular  surface,  Uke  a  cord,  into  the  other,  they 
are  called  central.  Their  composition  has  not  been  invest!^ 
gated  with  care.  It  is  probable  that  they  approach  the 
nature  of  cartilage.  They  serve  to  secure  the  jomts  from 
dislocation-ran  accident  that  can  scarcely  happen,  unless 
the  ligaments  be  previously  lac^ated.  They  likewise,  in 
some  cases,  furnish  a  basis  for  the  origip  or  insertion  of 
muscles. 

Ti^e  motions  which  joints  of  the  kind  are  capable 
of  performmg,  may  be  reduced  to  three  kinds— flex- 
ion, twistbg,  and  sliding.  In  Jlexiony  the  free  extre- 
mity of  the  bone  which  is  moved,  approaches  the  bone 

*  Annales  de  Chimic,  xiv.  ItT. 

i-  Mmro*!  OntUiiOT  of  Anatoiuf,  i.  p.  St. 
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which  is  fixed,  deacrilnng  the  segment  of  a  mde,  whose 
centre  is  in  the  joiiit.  In  twUting^  the  bone  which  is  mov- 
fgd  turns  round  its  own  axis,  or  round  an  imaginary  axis, 
passing  through  the  articulation.  In  sliding^  the  free  ex- 
tremity of  the  bone  moved,  approaches  the  bone  which  is 
fixed,  in  a  straight  line. 

The  form  of  the  jcunts,  in  order  to  admit  of  these  diffe- 
rent  motions,  is  exceedingly  various.  When  a  lai^  sfhe- 
rical  shaped  head,  called  a  conAfk,  is  recaved  into  a  deep 
4»vity,  there  is  formed  die  ball  and  socket  jdmt,  or  the  En- 
arOifxms  of  anatomists.  In  this  articulation,  both  flexion 
and  twisting  are  permitted,  and  it  is  the  kind  of  jcini  em* 
ployed  in  those  members  where  great  freedom  of  action  is 
required.  When  the  cavity  is  diallow,  and  the  head  flat, 
or  when  both  surfaces  are  nearly  plain,  the  articulatioii  is 
termed  by  anatomists  Jrthrodia.  Flexion  cannot  be  per- 
formed by  this  kind  of  jmnt  to  any  extent,  and  the  motion 
by  twisting  is  fikewiae  limited.  It  is  principally,  employed 
where  a  great  freedom  of  action  is  not  necessary,  but  where 
flexion,  twisting,  and  sliding  are  all  in  a  small  d^ree  requi- 
ttte,  as  is  the  case  with  the  bones  of  the  hand  and  the  foot 
Where  sliding  only  is  required,  the  articular  surfaces  are 
either  flat,  as  is  the  case  with  the  bones  which  join  the  or- 
bital septum  in  ducks,  and  unite  the  central  branches  of  the 
palatine  arch  with  the  os  quadratum,  or,  there  is  a  groove 
formed  by  the  one  bone  to  slide  along  a  ridge  on  another. 
This  appears  to  be  the  case  with  the  central  branches  of  the 
palatine  arch  in  the  solan-goose,  which  are  ossified,  and 
cover  the  inferior  edge  of  die  orbital  ridge  like  a  saddle. 
These  articulations  are  necessary  to  regulate  the  motions 
^f  the  upper  mandible  in  birds. 

When  the  articulating  surfaces  are  semicylindrical,  the 
one  ccmvex  and  the  other  concave,  or  when  both  are 
jpartly  convex  and  partly  concave,   the  jdnt  is  called 
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a  hinge  or  gin^ynwa  (yty(xvftH  cardo.)  This  kind  of 
aitkuktion  may  be  either  ample  or  compound  It  is 
omfde  when  the  ocmvex  surface  of  the  one  bone  is  re- 
ceived into  the  concave  surface  of  the  other.  The  under  jaw 
of  quadrupeds  is  articulated  in  this  manner  with  the  head* 
In  the  badger,  this  hinge-joint  is  so  perfect,  that  the  jaw 
remains  in  its  place,  even  after  all  the  ligaments  and  cartil». 
ges  have  been  removed,  and  cannot  be  separated  from  the 
head  without  breaking  the  margin  of  the  jcnnt.  In  the  com- 
pound pagljmuSf  both  articulating  surfaces  mutually  i^- 
cetve  and  are  received.  In  this  kind  of  joint,  moticm  can 
only  be  performed  by  flexion  or  extension. 

In  attending  to  these  different  articulations  in  the  animal 
system,  it  will  readily  be  perceived,  that  they  pass  into  one 
another  by  insenable  gradations,  according  to  the  kind  or 
the  extent  of  the  motion  which  is  required  to  be  performed 
Hence,  the  same  bone  b  not  similarly  articulated  at  the 
same  part  in  different  spedes,  nor  at  its  different  extremi* 
ties  in  the  same  spedes. 

The  different  bones  which  occur  in  the  body  of  an  ani« 
mal,  when  united,  are  termed  its  skeUton.  They  serve 
as  a  support  and  protection  to  the  soft  parts,  and  to  de- 
termine, to  a  certain  degree,  the  forms,  magnitudes,  and 
motions  of  the  individual.  The  bones  of  a  skeleton  are  usu- 
ally divided  into  those  of  the  head,  the  trunk,  and  the  ex- 
tremities. 

The  bones  of  the  head  are  present  in  every  animal  fur- 
nisbed  with  a  skeleton.  They  consist  of  those  various  plates 
which  form  the  craniumj  for  the  reception  of  the  brain ; 
those  of  the^Su;^,  which,  including  the  orbits  of  the  eye^^ 
and  the  cavities  of  the  nose ;  and  those  of  the  moi^  in- 
duding  the  jaws.  AH  these  bones  vary  according  to  the 
species,  in  number,  form,  articulation,  and  size.  That 
part  of  the  body  where  the  head  is  placed,  is  denominated 
the  anterior  extrenuty. 
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The  bones  of  the  trunk  consist  of  the  Tertebrs,  ribs,  and 
sternum.  The  veriebrce  form  what,  in  common  language, 
is  called  the  back-bone.  Thej  vary  greatly  in  number, 
and  even  structure.  They  serve  to  protect  the  spnal  mar- 
row, and  to  give  stalnlity  to  the  ribs  and  the  extremities. 
They  obtain  different  names,  according  to  the  ^tuation  in 
which  they  occur,  as  cervical,  dorsal,  lumbar,  sacral,  and 
caudal.  But,  in  many  animals,  these  distinctions  can  scaree- 
ly  be  retained  with  propriety,  in  consequence  of  the  absence 
of  the  parts  from  which  they  have  derived  thar  names. 

7!/l«  ribi  are  wanting  in  several  vertebral  animals,  as  the 
yrqg,  siharkj  and  rat/.  When  present^  diey  are  dther 
united  by  the  one  extrenuty  to  the  vertelme,  and  by  the 
other  to  the  sternum,  forming  true  ribs ;  or  they  are  only 
fixed  by  a  joint  at  one  of  their  extremities,  ether  to  the 
vertebrae  or  sternum,  and  are  then  ceHed^fidie  ribs. 

The  sternum^  or  breastp-bone,  is  wanung  in  many  animals, 
as  serpents ;  and,  where  it  does  exist,  it  varies  greatly  in  its 
form  and  dimensions. 

The  extremities,  where  perfect,  as  in  man,  are  four  in 
number,  two  arms  and  two  feet ;  termed  by  anatomists  the 
anterior  and  posterior  extremities.  In  quadrupeds  they  are 
termed  fore  and  hind  legs ;  in  birds,  wings  and  legs ;  and 
in  fishes,  pectoral  and  ventral  fins.  The  bones  of  the  an- 
terior extremity  consist  of  those  of  the  ^houlder^  the  anuj 
thejore-amiy  and  the  hand.  Those  of  the  posterior  extre- 
mities, are  the  Jiip,  the  tJttghy  the  leg^  and  the  Jboi^  In 
some  animals,  as  serpents,  the  extremities  are  wanting ;  in 
whales,  the  posterior  extremities  cannot  be  distinguished 
from  the  tail ;  and  in  many  fishes  they  are  wandng. 

Besides  these  bones,  which  are  considered  as  more  imme- 
diately coimected  with  the  skeleton,  there  aie  many  others, 
such  aSs  those  of  the  tongue  in  quadrupeds,  and  of  the  fins 
in  fishes,  which  are  not  intimately  united  with  the  skde- 
ton,  but  which  serve  to  give  strength  and  support  tx>  the 
parts  where  they  occur. 
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In  taking  a  rapd  sketch  of  the  different  parts  of 
the  skeleton,  we  may  perceive^  in  the  more  perfect  ani* 
maJSf  that,  while  some  oones,  such  as  those  of  the  head  and 

the  vertebre,  are  always  present,  others,  as  the  sternum, 
ribs,  and  extremities,  are  only  found  in  the  species  of  parti- 
cular classes  or  orders.  The  animals  in  which  a  skeleton 
is  found,  even  in  its  simplest  forms,  are  few  in  number,  in 
comparison  with  those  whose  hard  parts  are  either  connect- 
ed with  the  integuments,  as  we  have  already  noticed,  or 
form  solid  pieces  of  support,  differing  £rom  bone  in  compo- 
sition, and  destitute  of  articulation.  These  circumstances 
have  given  rise  to  a  division  of  animals  into  two  classes,  the 
VerUbral  and  Invertebral ;  the  former  possesnng  a  verte- 
bral column,  of  which  the  latter  are  destitute.  The  honour 
of  forming  these  divisions,  is  claimed  by  M.  L amabk,  in  his 
^<  Systeme  des  Animaux  sans  Vertebres,^  8vo,  1801.  The  ' 
some  gnxips,  however,  have  been  known  to  naturalists  «nce 
the  days  of  Aristotle,  the  vertebral  having  been  termed 
iSangumeouSy  and  the  invertebral  Exangnineou9.  Among 
the  vertebral  animals,  are  included  Mammalia,  Birds,  Rep- 
tiles, and  Fishes ;  and,  among  the  invertebral,  those  which 
were  termed  by  LniNEus,  Insects  and  Warms. 

This  primary  division  of  animals  into  vertebral  and  inver- 
tebral, is  natural;  and  the  distinction,  after  a  little  acquaint- 
ance with  the  species,  is  obvious,  and  of  easy  application. 

It  may,  however,  be  observed,  that,  among  the  inverte- 
bral animals,  there  are  hard  parts,  which,  though  differing 
from  bmie  in  composition  and  structure,  answer  the  same 
purposes  in  the  .animal  economy.  They  all  appear  to  be 
fonned  after  the  manner  ci  shell,  or  horn,  by  the  addition 
of  layers  of  earthy  matter  on  one  of  their  surfaces,  and  not 
by  the  extension  of  a  cartila^nous  frame^work.  In  compo- 
sition they  likewise  bear  a  close  resemblance  to  shell,  con- 
sisting principally  of  carbonate  of  lime,-  with  a  variable  pro- 
IX)rtion  of  animal  matter.     In  some  cases,  there  are  traces 
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of  jAosphate  of  Ume.  '  They  are  ather  connected  with  the 
digestive  system,  as  the  teeth  in  the  stomach  of  the  lobster, 
or  the  jaws  and  teeth  of  the  Sea^Urchin,  (Echinus,)  or  they 
constitute  a  central  support  for  the  soft  parts,  as  the  bcme 
of  the  Cuttle-fish,  or  the  stalk  of  the  Sea-pen. 


CHAP.  VIII. 

ON  THE  MUSCULAR  SYSTEM. 

jjLavimg  oonfiidered,  in  the  two  preceding  chapters,  the 
integuments  which  invest,  and  the  bones  which  support,  the 
animal  frame,  we  are  now  {xepared  to  consider  the  oi^gans 
by  which  motkm  is  executed,  constituting  the  muscular  sya- 
tem. 

The  investigation  of  this  class  of  <»gans,  unfolds  the 
most  singular  medianism  of  parts,  and  an  infinite  variety 
of  movements,  enabling  the  animal  to  perf<Hrm  the  internal 
and  external  actions  necessary  to  its  existence. 

The  muscles  appear  in  the  form  of  large  bundles,  con- 
sbting  of  cords.  These,  again,  are  formed  of  smaller 
threads,  which  are  ciqpable  of  division  into  the  primaxy  fila- 
ments. Each  muscle,  and  all  its  componmt  cords  and  fila- 
ments are  enveloped  by  a  covering  of  cellular  membrane, 
liberally  supplied  by  bloodvessels  and  nerves. 

The  primary  filaments  appear  to  be  parallel,  and  to  be 
of  very  small  demenuons.  Prochaska  ^  found  them 
nearly  ^^ijsxf  of  an  inch ;  while  Mr  Baubr  estimates  them 
at  only  ^^xsxa  ^^  ^^  ^^  ^^  ^^  globules  of  the  blood, 
when  deprived  of  their  colouring  matter  f.    Difierences  of 

*  ^'  In  meis  experimentis  maxima  globnla  rubri  sanguinis  diameter  com- 
parata  cum  diametro  /ili  carnei  se  habere  videbatur  ut  8  vel  7  ad  1 ;  unde 
conduditur  fllum  camenm  a  globulo  mbro  sanguinis  superari  ctasaitie  sua 
vkibus  inter  gnadinginta  et  •cauiiginta.'*-^Openun  Minomin,  pars  1.  p.  19S> 

t  Phil*  Trans.  181  d>  p.  17A. 
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cqnDioH)  equally  remarkaMe,  prevail  among  observers,  with 
regaxd  to  the  appearances  of  these  primary  fibres. 

LxECWBNHOEcx  found  the  filaments  of  the  muscles  of  a 
frog  transyersely  striated.  When  recent,  they  were  cylin- 
drical ;  but,  upon  drying,  they  contracted,  and  exhibited  a 
giooye  on  one  side  *.  Mr  Baueb  describes  them  as  moni- 
liform  -f,  ^nd  apparently  constructed  of  a  series  of  globules. 
These  globules  Sir  £.  Hohv  is  inclined  to  consider  as  the 
remains  of  the  globules  of  the  blood,  from  which  they  have 
originated,  adhering  in  a  hne ;  an  opinion  which  the  facts 
of  the  case  by  no  means  warrant  {. 

At  the  extremities  of  the  muscular  fibres,  where  they 
are  attached  to  the  more  solid  parts,  there  are  usually  threads 
of  a  substance,  differing  in  its  appearance  from  the  muscle, 
and  denominate  Tenchn  or  Sinew.  The  tendons  are,  in 
general,  of  a  silvery-white  colour,  a  close,  firm,  fibrous  tex* 
ture,  and  possess  great  tenacity.  The  threads  of  which 
they  consist,  are  attached  on  the  one  extronity  to  the  sur. 
face  of  a  bone,  or  other  hard  part ;  and  on  the  other,  they 
are  variously  interspersed  amongthe  fibres  or  bundles  of  the 
muscle.  They  are  considered  as  destitute  of  sensiUlity 
and  irritability,  and  form  a  passive  link  between  the  muscle 
and  the  bone,  or  other  point  of  support 

The  musdes,  after  bdng  freed  from  those  substances 
which  adhere  to  them,  such  as  bloodvessels  and  cellular  tis- 

*  Oper.  Om.  voL  ii.  pu  58,  f.  4k  &  p.  69l  &  5. 

-f  By  tbe  term  MomiU/vrm  natnnlists  in  general  refer  to  an  organ,  oon- 
risting  of  ^bnles  lineally  and  doady  arranged,  like  the  beads  of  a  neck- 
laee,  Vfhak  the  globoks  preae  ao  doaely  aa  to  alter  their  shape,  and  render 
the  line  of  aeparation  less  distinct,  the  tcnn  Jointed  ib  usually  iqiplied.  On 
the  other  hand,  when  the  i^obuks  are  a  little  distant  from  one  another,  with 
an  apparent  connecting  thread,  the  term  PerfbUate  is  substituted. 

t  PhiL  Trans.  1818,  tab.  viiu  f.  i,  5,  6, 
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sue,  consist  of  ^ftriit,  whose  properties  have  been  already 
detailed.  The  tendons,  on  the  odier  hand,  consist  chiefly 
of  gelatine.  Hence,  when  meat  is  boiled,  the  tendons  are 
dissolved  by  the  warm  water,  and  the  muscles  separate 
feadily  from  the  bones.  Although  the  presence  of  toidona 
in  the  muscles  of  testaceous  moUusca  cannot  be  perceiTed 
by  the  eye^  yet,  as  boiling  water  destroys  their  oonnectioii 
with  the  j$liells,  the  presence  of  gelatine,  and  hence  of  ten- 
der, may  be  inferred.  In  quadrupeds  which  leap  much, 
as  the  Jerboa,  and  in  birds  which  walk  much,  the  tendons 
become  in  part  ossified ;  so  that  the  points  of  support  of 
the  muscle  are  thereby  increased. 

Muscles  are  said  to  be  ather  simple  or  compound  in 
their  structure.  In  the  simple  muscles,  the  fibres  have  a 
similar  direction ;  and  are  either  formed  into  a  long  round 
bundle,  thickest  in  the  middle,  termed  vefUrjfbrm ;  or  they 
procoed  from  an  extended  base,  and  converge  to  a  small 
tendon,  when  they  are  termed  radiated;  or  resemble  a  fea- 
ther, and  are  called  penniform.  In  these  last,  the  muscular 
fibres  are  arranged  like  the  barbs  of  a  feather,  along  a 
middle  line  of  tendon,  resembling  the  shaft.  In  the  com- 
pound muscles,  the  bundles  of  fibres  and  tendons  are  vari- 
ously interwoven. 

Muscles  are  the  most  active  members  of  the  animal  frame. 
They  alone  possess  the  power  of  irritability,  and  execute 
all  the  motions  of  the  body.  The  causes  which  excite  them 
to  action^  may  be  reduced  to  two  kinds.  In  the  firist,  the 
will,  through  the  medium  [of  the  nerves,  excites  tfce  irrita- 
bility of  the  fibres ;  and  in  the  second,  the  action  is  produr- 
ced  by  the  application  of  external  objects,  either  directly,  or 
by  the  medium  of  the  nen'es. 

The  division  of  the  muscles  into  vohintarv  and  invclun^ 
iarf/f  is  sufficiently  accurate  to  convey  distinct  ideas  of  these 
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two  claases  of  exciting  causes  in  ordinary  drcumstances.  In 
some  caaesy  it  is  true,  we  can  acquire  by  habit  a  controul 
even  o\'er  the  involuntary  muscles ;  and  the  muscles  which 
aie  voluntary  in  one  animal,  may  be  involuntary  in  another. 
We  may,  howev^ ,  add,  as  peculiar  characters  by  wliich 
they  may  be  distinguished,  that  the  involuntary  musdes 
ate  mcve  durable  in  their  action,  more  easily  exoted,  and 
retain,  even  when  separated  from  the  body,  thar  fadlity  of 
irritability  for  a  great  length  of  time ;  while  the  volanta- 
Tj  muscles  become  fatigued  by  continued  action,  and 
require  intervals  of  rest  to  recruit  their  exhausted  ener- 

When  the  fibres  of  a  muscle  are  excited  to  action  by  any 
irritating  cause,  a  simultaneous  movonent  is. performed- 
They  become  shcHler,  more  rigid,  and  in  many  cases  ap- 
pear somewhat  angular.  In  consequence  of  this  contrac- 
tion, the  two  extremities  of  the  muscle  approadi,  bringing 
along  with  them  the  parts  to  which  they  are  attached.  In 
what  manner  the  particles  of  the  muscular  fibre  arrange 
themselves  during  contraction,  anatomists  have  been  unable 
to  discover.  That  they  approach  each  other,  is  obvious ;  . 
and  that  their  ooherive  power  suddenly  increases,  appears 
eriden^  from  the  small  force  which  prevents  a  muscle  tram 
contracting,  compared  with  the  prodigious  resistance  which 
'  it  offers  when  contracted.  Dr  Wollaston  is  of  opinion, 
that  each  muscular  eflfort,  apparently  single,  consists  in  re- 
ality, of  a  great  number  of  contractions,  repeated  at  ex- 
tremdy  short  intervals ;  so  short,  indeed,  that  the  interme- 
diate rekomtion  cannot  be  viable,  unless  prdonged  be- 
yond the  usual  limits,  by  a  state  of  partial,  or  general  debi- 
lity. He  arrived  at  this  conclusion,  by  attending  to  the 
sounds  perceived  in  the  ear  upon  the  insertion  of  the  tip  of 
the  finger.     It  is  probable,  however,  that  these  sounds  are 
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occarioned  pardy  by  the  air  in  the  ear,  and  partly  by  the 
motion  of  the  bloodveesek  *. 

The  changes  which  take  pkce  in  the  tmacity  of  muades 
after  deaths  are  very  remarkable.  The  same  fbroe  which 
they  could  renst  with  eaae,  in  a  living  state^  is  suffidoit  to 
tear  them  to  pieces  after  the  vital  princifde  has  departed. 
The  tendimsy  which  are  sometimes  lacerated  by  the  violent 
contractions  of  the  muscle  during  life,  are  much  stronger 
than  the  muscle  itsdf  after  death.  These  circumstancea 
serve  to  confirm  us  in  the  belief  of  a  vital  power.  If  it 
does  not  exist,  it  remains  with  the  mechanical  andchonical 
philosophers  to  determine,  what  strengthening  principle  has 
departed  with  life,  and  whence  the  weakness  of  death. 

Muscles,  from  their  mode  of  action,  may  be  divided  into 
circular  and  longitudinal.  In  the  cucuiar  muscles,  the 
fibres  are  so  arranged,  that  they  contract  the  part  to  winch 
they  are  applied  in  all  its  dimensions,  bb  the  muscles  of  the 
heart  and  tongue;  or  they  merely  contract  the  extremi^ 
of  a  tube,  so  as  to  close  it.  In  this  last  case,  they  are  de- 
nominated ^hinders.  The  longitudinal  musdes  may  be 
compared  to  ropes,  drawing  towards  them  the  objects  to 
whidi  they  are  attadied  in  a  direction  influenced  by  the 
form  of  these  objects;  and  the  other  muscles  acting  in  con- 
cert. Where  the  one  extremity  o[  the  muscle  is  attadied 
to  a  hard  part,  and  the  otlier  to  a  soft,  the  mechanism  is 
usually  of  the  simplest  kind.  But  where  both  extremities 
are  fixed  to  hard  parts,  which  are  desdned  to  be  used  as 
levers,  more  complicated  machinery  is  requieite.  We  have 
already  adverted  to  the  different  fonns  of  the  joints  of  the 
bones  suited  to  different  movements.  The  musdes  are 
fixed  to  these  bones  at  various  angles,  and  various  distan- 


•  Phii  Trans.  1910,  p.  2. 
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ces  trook  the  joints.  The  positions  assagned  them  are  not  al- 
ways the  most  favourable  for  the  movement  of  the  levers ; 
but  they  could  not  be  otherwise,  without  altering  the  external 
shape,  and  giving  to  it  an  appearance  the  very  reverse  of  those 
round  or  tapering  forms  so  commonly  exhibited  in  organize 
ed  bodies.  But  the  disadvantages  attending  the  obliquity 
of  the  muscles,  with  respect  to  the  bones  which  they  are 
destined  to  move,  are  abundandy  compensated  by  other 
means.  The  heads  of  the  bones  are  frequently  larger  than 
the  body  to  which  the  tendons  are  attached ;  so  thatthese, 
by  passing  over  the  convexity  to  the  place  of  thdr  insertion, 
form  a  more  obtuse  angle  with  the  lever,  than  if  the  head 
did  not  exist.  The  <Higin  and  insertion  of  a  muscle  are 
frequently  at  scxne  distance ;  and  the  muscle  passes  through 
holes  in  other  bones,  or  is  bound  down  by  annular  liga- 
ments ;  so  that  the  motion  is  performed  without  destroying 
the  proportion  c(  the  part  Although  muscles,  which  thus 
move  die  bones  as  so  many  kvers,  may  be  compared  to 
ropes  in  the  effects  which  are  produced,  there  is  a  ranark- 
able  difference  in  the  mann^  of  their  action.  As  the 
muscles  contract  in  length  in  every  part,  and,  fay  the  con- 
traction, change  their  diape  and  become  more  rigid  and  an- 
gular,  every  bundle  may  be  said  to  assist  another ;  so  that 
in  the  very  muscle  itself,  there  may  he  formed  both  levers 
and  fulcra ;  thus  giving  to  it  powers,  which,  ware  it  acting 
Hke  a  cord,  it  could  not  have  in  cmsequence  of  its  pon- 
tion. 

Let  us  now  take  a  view  of  the  muscles,  bb  concerned  in 
the  production  of  the  different  motions  exhibited  by  ani- 
mals.  ,  These  are  exceedin^y  various  in  their  extent  and 
duration,  and  in  the  organs  employed  to  perform  them. 

It  is  obvious,  that  as  annuals  are  exposed  to  the  vicissi- 
tudes of  the  elements,  the  fluctuation  of  the  atmosphere  and 
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the  waters,  they  could  not  perform  the  ordinary  functions 
of  existence,  unless  possessed  of  faculties  fitting  them  for  re- 
sisting such  disturbing  forces.  Let  us  therefore  contem- 
plate the  provisions  made  for  enabling  animals  to  remain  at 
rest,  previous  to  an  examination  of  their  displays  of  the  fa- 
culty of  locomotion* 

1.  Proneness*^^Many  animals  protect  themselves  against 
the  disturbing  movements  of  the  air  and  water,  by  pladng 
thdr  bodies  in  a  prone  pariHon.  They  thus  diminish  the 
extent  of  their  resisting  surface.  To  give  still  greater  effi- 
cacy to  this  protecting  attitude,  they  retire  to  valleys, 
woods,  or  dens,  on  the  earth,  or  to  the  deepest  places  in  the 
waters ;  and  are  thus  able,  by  the  weight  of  their  own  bo- 
dies and  the  advantages  of  their  position,  to  oudive  the  ele- 
mental war.  The  Zetlandic  fishermen  have  repeatedly  as- 
sured me,  that  ood-fish  swallow  stones  before  a  storm,  to 
enable  them  to  rest  more  securely  at  die  bottom  of  the  sea, 
during  the  continuance  of  the  agitated  waves. 

But  there  are  other  animals,  which,  while  they  are  equal- 
ly cautious  to  make  choice  of  prc^r  situations  for  their 
safety,  employ  in  addition,  peculiar  organs  with  which  they 
are  provided,  to  connect  themselves  more  securely  with  die 
bases  on  which  they  rest 

8.  GrMping, — The  most  simple  of  these  expedients, 
GroMpingy  is  displayed  by  bats,  Inrds  and  insects,  in  the 
employment  of  their  toes,  with  their  daws,  in  seizing  the 
subjects  of  their  support.  In  birds,  the  assumption  and 
continuance  of  this  attitude  is  accomi^ished  by  a  mechani- 
cal process ;  so  that  there  is  no  expenditure  of  muscular 
energy.  In  every  case  of  this  kind,  the  claws  are  so  ad- 
mirably adapted  to  the  station  of  the  animal,  that  the  de- 
tention  of  die  body  in  the  same  spot  during  this  state  of 
xest,  is  acvompanied  with  littie  exertion. 


Digitized  by  CjOOQIC 


S^BUCTURE  OF  MUSCLES.  ISd 

S.  8iidion.*^The  third  metliod  of  fixing  themselves, 
employed  by  animals,  is  auction.  The  siickeir,  which  acts 
in  the  same  manner  as  the  moistened  drcular  piece  of  lea- 
ther, with  a  cord  fixed  to  its  centre,  and  applied  to  the  stir- 
face  of  a  stone,  known  to  every  school-boy,  varies  greatly  in 
its  fiirm,  and  ev^  structure.  In  the  limpet,  and  other  gas. 
teropodous  inoUusca,  its  surface  is  smooth  and  uniform ; 
alnd  the  adhesion  appears  to  depend  oiji  its  dose  ^pplitiatidn 
to  every  part  of  the  opposing  surface.  In  other  animals, 
as  the  leech  imd  thfe  sea^-urchin,  the  sucker  is  formed  at 
the  extremity  of  a  tube ;  the  muscular  motions  of  which 
may  serve  to  pump  out  any  air  which  may  tenimti^  afler 
the  organ  has  been  implied  to  the  ^rface  of  the  body.  In 
a  third  dass,  the  sucker  is  more  cctttiplicated  in  its  structure, 
consisting  of  many  smaller  ones,  so  disposed  as  to  act 
in  concert,  as  on  the  head  of  the  Refnora,  or  the  breast 
of  the  lump-fidi.  Among  the  vertebral  animds,  nin- 
ther  quadrupeds  nor  birds  possess  any  sucker.  It  is 
found  among  a  few  reptiles  and  fidies^  The  extremities  of 
die  toes  of  many  insects  possess  cOm{dicated  suckers.  Among 
the  moHusca  and  zoophytes,  there  are  few  in  ^hich  suckers 
in  some  form  do  not  exist  By  means  of  this  organ, 
whose  power  of  cohesion  must  depend  j  not  only  on  the  ex- 
tent of  its  surface,  but  the  strength  of  the  musdes  which 
produce  the  vacuum,  these  animals  can  remain  in  dbe  same 
spot,  althou^  acted  on  by  forces  to  whidi  their  own  wdght 
could  ofler  no  adequate  resistance.  Pskkant  states,  that 
he  heard  of  a  lamprey  which  was  taken  out  of  the  Esk, 
weighing  three  pounds,  adhering  to  a  stone  of  twelve  pounds 
wdght  suspended  at  its  tnouth  *. 

4.  Cem^nto^ion.— The  fourth  method,  termed  cementa- 
tion,  employed  by  animals  to  preserve  themsdves  stationary, 

«  BriU  ZooL  iii,  p.  78. 
VOL.  I.  I 
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eonsbU  in  »  part  of  their  own  bodies  bemgcemenied  to  the 
substance  on  which  they  rest.  This  takes  place  in  the  com- 
mon mussel,  by  means  of  strong  cartilaginous  filaments, 
termed  the  bgssust  united  in  the  body  to  a  secreting  glaiid, 
furnished  with  powerful  muscles,  and,  at  the  other  extremi- 
ty, glued  to  the  rock  or  other  body  to  which  it  oonneGts 
itself.  In  other  cases,  as  in  the  oyster^  the  shell  itaelf  is  ce- 
mented to  the  rock.  This  method  of  resisting  the  action 
,  of  the  disturbing  forces  of  the  air  and  the  water,  is  unknown 
among  the  vertebral  animals.  In  the  MoUusca,  it  occurs 
in  those  with  shells  termed  bjfsnferaus^  and  JixeJL  In  the 
Annulosa,  among  spiders  and  some  caterpillars,  protecting 
threads  are  frequently  employed.  Among  the  Zoophytes, 
the  adhesion  between  them  and  the  substance  on  which 
they  grow,  is  generally  accomplished  by  means  of  a  ce- 
ment, connecting  (as  in  nearly  all  animals  fixed  by  cementa- 
tion) thar  body  for  life  to  the  spot  where  they  first  adhered. 

Let  us  now  attend  to  the  muscular  motions  of  animak, 
as  displayed  ia  the  various  positions  assumed  and  actions 
performed,  in  the  exercise  of  the  locomotive  powers.  The 
first  pf  these  which  demands  our  attention,  is, 

I.  Stcmding. — In  this  position  the  body  is  raised  above 
the  ground,  and  supported  on  its  legs.  The  facility  with 
which  this  attitode  is  aasuia^,  and  the  length  of  time  in 
which  awnals  caa  remain  in  it,  depend  on  a  variety  of  w- 
cumstances,  connected  with  the  figure  and  density  of  the 
Afferent  partaof  the  body,  and  the  form,  position,  and 
strength  of  the  limbs. 

In  order  to  enable  an  animal  to  support  itself  firmly  on 
its  limbs,  it  is  necessary  that  these  parts  be  so  disposed^  as 
that  the  centra  of  gmvity  of  the  whole  body  fall  within  the 
qpaoe  which  they,  occupy,  and  that  the  muscles  have  suffi- 
cient power  to  counteract  those  movements  which  might 
displace  the  body  from  that  position.     It  is  obvious,  that 
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the  more  iiumc^rous  the  Hmbs^  and  the  rtore  equKlly  they 

are  distributed  on  the  inferior  ade  of  die  body,  the  im^ 

seesreFy  will  the  teatte  if  grarriiy  be  reti&ned  withinr  the 

spate  which  fhete  teei  fttkhxde.    in  the  annurkxse  atiiimlBy 

termed  ¥m/tiapoda^  the  ft^v  which  are  mnnerbas^  and  very 

strong  irt  pvoportioiy  ter  the  size  of  the  body,  are  soplaccU, 

thai  the  eeritrv  cXgtasiitf  of  die  bcdy  en  never  fUibey6hd 

the  surfaee  oecapiedby  them ;  and  obnsequtody,  these  am- 

nudaxnsy  be  oonndered  aspo«sesring,  in  the  gretttest  degree 

of  perfeedonv  the  qiMdificadOHs  i^lecessa^y  for  asBoning  atid 

maiBtBiiikig  a  stamfing  portion.     In  maoriy  of  the  true  or 

hexiqxid'ai  iniaebts,  the  same  pvdviinon  for  preservii^  the 

body  in  a  standing  posture  may  likewise  be  observed.  The 

feet  loe  well  qusfified',  by  their  stirength,'  for  supporting  the 

body,  and  wheki  iMetehed  oiM,-  the  space  which  they  include 

is,  inf  gekieral,  maiiy  times  larger  ihan  its  bidk. 

Among  die  vertebral  shiimaH  standing  is  an  attitnde 
priEustised  by  the  Msmnnafia  antol  Birds  only.  Among  the 
mammalia^  all,  exeept  Many  stand  On-  (bar  feeb  The  body, 
in  this  cfltse,  rests  on  an  extended  base ;  bilrt  as  the  head 
projectamore  or  less  infibnt  of  the  trunk,  to  which  the 
ibr&^legs  are  attodied,  the  cenlrer  of  grafvity  iidb  nearer 
diese  than  the  hind-legSw  They  dstt  on  than  oMoOnt  strong- 
er than  these  last,  to  enable  tllfiem  t6  sup^rt  this  additbil. 
A  burdenr,  mdess  in  thoise  cases  where  fh^  hiifd-h^  are 
used  for  porcbndar  kinds  Of  motiott.  Th«  htadlistafpport. 
ed  by  the  d^rvi^all  Kgatnf^ts,  aoid  by  mtiscks,  which  vaipy 
fai  strength  Wfflh  tlio  waght  ef  the  h^^,  aAd  th^  mitiMs 
which  it  isteq^red  to  p^oMI. 

In  Man,  fllia6<]^  is  perferaied  c^vl  two  legs  dftfy".  The 
mediiihica)  structure  of  his  hdiy  eAables  hint  to  d6  tliis 
without  any  singular  exertiof^.  The  #eighC  of  his  h«9id, 
the  weakttiefe  of  bis  arms,  ahd  the  inootA^nieAt-  l^gth  of 
\m  legs,  id)  prevent  him  ftbm  standii^g  on  hift  fwxr  ^xt^etAi- 

I  2 
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ties.  On  the  other  hand^  the  great  breadth  of  his  feet,  the 
form  of  his  toes,  and  the  padtionq£the  muscles  wbidk  move 
them,  render  them  peculiarly  ralniWed,  not  only  for  jwes- 
sing  the  ground  to  a  considaraUe  extent,  but  cmlnncing 
some  of  its  mequalities.  From  the  breadth  of  the  pdTis, 
the  1^  are  jdaoed  farther  distant  in  proportion  than  in  the 
other  mammalia,  and  thus  include  a  mora  extended  base, 
while  the  trunk  is  aUe  to  rest  upon  it  more  securely.  It  is 
owing  to  these  circumstances  that  the  vertical  position  is 
easily  assumed  and  maintained  by  man,  while,  among  qua- 
drupeds, it  is  painfiiL  When  they  do  assume  it,  th^  in 
general  bend  their  hind4egs  so  that  thw  buttocks  rest  on 
th^  heels. 

In  Birds,  the  body^  during  the  position  we  mte  now  d&. 
scrilnng,  is  seldom  vertical  with  respect  to  the  extremities. 
In  scxne  water-fowl,  as  the  grebes,  the  feet  are  situated  so 
far  behind,  and  the  weight  of  the  body  is  so  great  antcriiCHr- 
ly,  that  they  could  not  stand  with  the  body  leaning  for- 
wards, like  the  generality  of  birds,  without  a  peculiar  ar- 
Jrangement  of  the  feet  We  accordingly  find  the  body  as- 
fiuming  nearly  a  vertical  position.  In  some  cases  where 
birds  stand  in  this  attitude,  the  tail  likewise  assists  in  form- 
ing a  more  extended  support,  by  resting  on  the  ground9  as 
may  be  seen  in  the  corau»ant  In  some  birds,  however, 
as  the  tail,  in  which  the  legs  are  placed  fiur  behind,  the 
toes  are  i0MX)mmonIy  long,  so  that  the  tendency  of  the  fore 
psrt  of  the  body  to  fall  to  the  ground  is  thus  prevented,  by 
the  resistance  which  they  offer.  The  length  of  the  toes, 
and  the  manner  in  which  they  are  disposed,  joined  to  the 
disposition  of  the  body  with  regard  to  its  centre  of  gravity, 
enable  many  birds  to  stand  for  a  great  length  ol  time  on 
one  foot  only,  without  much  exertion.  In  the  stork,  <*  the 
Burfaoe  of  the  fefnur  that  articulates  with  the  tibia,  has,  in 
its  middle,  a  depression  which  receives  a  projection  of  the 
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latter  bones.  In  bending  the  leg,  this  piocesB  is  lifted  out 
fjf  the  depreasioii^  and  removed  to  its  posterior  edge.  By 
tbismotion,  the  ligaments  are  necessarily  more  stretched 
than  during  the  extension  of  the  1^,  in  which  the  process 
nemains  in  its  socket  These  ligaments^  therefore,  preserve 
the  1^  ext»ded  in  the  manner  of  some  springs,  without 
recdving  any  assistance  firom  the  muscles  *»^ 

2.  FTonPifi^^-^This  action  is  defined  by  CuviSB,  to  be  a 
motion  on  n  fixed  surface,  in  which  the  centre  of  gravity  is 
altematdiy  moved  by  cme  part  of  the  extremities,  and  su^. 
tained  by  the  other,  the  body  never  being  at  any  time 
completely  suspended  over  the  ground.  It  is  produced  by 
the  alternate  flesdon  and  extenaon  of  the  limbs,  aided  by 
the  motions  of  the  trunk,  advancing  the  position  of  the 
centre  of  gravity  in  the  intended  direction. 

In  animals  with  many  feet,  as  the  mgfriapoda^  walking 
is  performed  by  so  uniform  a  motion,  that  the  body  may 
be  said  to  glide  along  the  suribce.  The  feet  do  not  move 
by  pairs,  but  by  divisionsi  containing  from  five  to  twenty, 
and  upwaids.  In  the  insects  with  dx  feet,  the  anterior  and 
posterior  legs  on  one  ade,  and  the  middle  1^  on  the  other, 
are  moved  at  the  same  time,  so  that  the  body  is  always 
supported  by  two  legs  on  the  one  side,  and  one  leg  on  the 
other.  The  hair  on  the  rings  of  caterpillars,  likewise 
serve  as  feet  in  aflristing  progressive  motion.  In  animals 
with  four  feet,  ^^  each  step  b  executed  by  two  Bgs  only ; 
one  bdcmging  to  the  fore-pair,  and  the  other  to  die  hind<^ 
pair ;  but  sometimes  th^  are  those  of  the  same  side,  and 
sometimes  those  of  the  oppo9te  eide.^  The  latter  is  that 
kind  of  motion  in  horses,  which  grooms  term  ajpac^.  The 
rig^t  fbre*kg  is  advanced  so  as  to  sustain  the  body,  which 
is  thrown  upcm  it  by  the  left  hind-foot,  and  at  the  sam^ 

'     *  CvTn»*s  Compuitive  Anatcroy,  Lect,  Tii.  a,  1. 
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dne,  die  latter  hean^s  in  onder  to  i$»  being  moved  forwaitl. 
liyhile  ibej  wre  off  (he  ground,  the  right  hnid^bot  fo^ins 
to  extend  itself,  and  the  moment  they  toudi  the  ground, 
the  left  fore-feot  moves  forward  to  mtpport  the  impidse  of 
die  "right  foot,  which  likewise  moves  f<irward.  The  body 
IS  thus  su{^r1^  akemately  by  two  1^  placed  m  a  disp- 
gonal  manner.  When  the  ri^t  fore-foot  moves,  in  (vder  to 
austain  the  body,  pushed  forward  by  the  ri^t  hbd-fbot, 
the  motioti  is  dien  called  an  ambJe,  The  body,  being  id- 
temately  supported  by  two  legs  on  the  same  dde,  is  obli- 
ged to  balance  ksdf  to  the  light  and  left,  in  order  to  avoid 
Jailing;  and  it  is  this  bobmdng  movement  which  riders 
die  gait  so  soft  and  agreeable  to  women  and  persons  in  a 
weak  state  of  body  *^. 

In  walking  with  two  feet,  as  takes  place  in  man  and  Urds, 
d>e  whole  weight  of  the  body  rests  pn  eaoh  1^  akemately; 
80  that  the  movement  is  in  a  ang-rag  i&ecdon.  Htheae  nn- 
duladons  are  rendered  matt  oonspieuoDS  in  some  birds,  by 
ike  fonn  of  their  feet  and  toes,  by  whidi  they  a»e  prevented 
from  movmg  them  in  the  direction  of  the  mesial  line;  but 
jEare,  at  each  step,  compdled  to  move  die  I^.  outwards,  in  a 
semidrcular  manner.  In  some  quadrupeds,  as  the  sesl, 
and  in  many  repdles,  die  hmbs  are  placed  perp^dicular  to 
die  mesial  line;  and,  in  the  progressive  modon,  the  body  is 
dragged  along  the  ground,  as  the  ieidcm  and  extension  of 
the  limbs  f  re  unable  to  elevate  it  above  the  surface.  Such 
imimals  are  said  to  crawl. 

But,  beiges  these  modes  of  walking,  whidi  we  have  now 
stated,  there  are  others,  in  which  .the  progressive  motion  is 
fdmilar,  but  the  means  employed  to  accomplish  it  are  diffe- 
rent. The  prindpd  of  these  ipay  be  termed  the  Serpm- 
ihie  Motion.     It  consists  in  bringing  up  the  tail  towards 

—««>————— —     »  .-y.—  I.  .11  ■■  ■■  - 

^  jC9Ti^*f  Cpmp,  Anau  LecU  vii. 
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the  he^,  by  bendiBg  the  body  into  one  pr  more  curves, 
thm  retting  upon  the  tail,  and  extending  the  body,  thus 
moving  Ibrward,  at  eaeh  step,  neariy  the  whole  length  c^ 
the  body,  or  one  or  more  of  the  curves  into  which  it  was 
formed.  In  seipents  dik  motion  is  wdl  displayed ;  and, 
in  SQine  cases,  it  would  appear  that  they  ai«  asaisted  in  it  by 
meant  of  their  ribs,  which. act  as  feet.  Among  the  mol- 
lusca,  and  mmy  of  the  annnlose  animals,  the  same  kind  of 
modon  is  p^i^Mrmed  by  alternate  oontractions  and  expan- 
sions, laterally  and  lon^tudinally,  of  the  whole  of  the  body, 
or  of  those  parts  which  are  appropriated  to  progres«ve  mo- 
tion. In  some  cases,  these  actions  are  so  minute  that  the 
body  0eems  to  ^ide  along  the  surface  with  a  uniform  pro^ 
gresa.  Many  of  the  annulosa  are  assisted  in  dirir  pro- 
gness,  by  the  hairs  or  spines  with  whidi  their  bodies  are 
furnished,  entering  the  inequalities  of  the  surface,  and  pre- 
venting a  retrograde  movement.  In  some,  the  body  is  so 
soft  and  pliaUe,  as  earaly  to  accommodate  itself  to  the  in- 
equalities of  the  surface  over  which  it  glides,  and  derives  as- 
«8tanee  from  these  in  its  progress.  In  others,  there  is  a 
viscous  substance  secreted  ftom  their  bodies,  whidi,  in  the 
^g>  vuty  enable  it  to  attach  one  part  of  its  body  more 
firmly  to  the  surface  on  which  it  is  moving,  while  it  drags 
up  the  remainder  to  a  new  position. 

But  there  is  another  mode  of  moving  analogous  to  walk- 
ing, perfiHrmed  by  means  of  ihe'9udcers  to  which  we  have 
already  referred.  Where  the  organ  of  motion  is  a  umform 
eictended  surface,  as  the  foot  of  the  limpet,  the  manner  of  ad- 
vancing must  resemble  the  motion  of  serpents.  Part  of  the 
foot  will  be  detached  finom  the  surface,  and  form  arches  4 
while  the  remaiinng  points  will  adhere  by  suction,  until  the 
others  reach  new  points  of  support.  Where  the  suckers 
are  numerous,  as  on  the  belly  of  some  caterpillars,  they  act 
by  altonate  adhesion  and  separation,  with  an  intervening 
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mption  reflemUing  the  action  of  feet  Where  the  aiguiB  of 
adb^on  ar^  double,  <Hie  nt  each  ^tremity,  as  m  the  leech, 
the  mouth  adh^nes  to  one  part  of  the  surfiu:e,  whUe  the  tail 
i»  brought  up  towards  it,  and  is  then  fixed,  the  body  bong  ai 
this  time  like  an  Aidii  The  head  then  quits^its  hold,  the  body 
e]Ltend9  itself,  and,  when  at  full  length,  the  head  is  agam 
attached,  ai)d  the  tail  brought  up.  By  these  alternate  niove» 
ibents,  the  leech,  at  every  skp^  adyanoes  neariy  the  length 
of  its  own  body*  In  some  of  the  intestinal  wonns,  the  ad- 
hesiort  of  the  head  takes  place  l^  means  of  reversed  spines 
or  hooks,  as  in  the  Echiliorinchus* 

9.  Letyring.'^In  the  action  of  leaping^  the  whole  body 
rises  from  the  ground ;  and,  fw  a  short  period^  is  suspend- 
ed in  the  air.  Jt  is  produced  by  the  Sudd^i  esctenskm  of 
the  limbs,  after  they  have  undei^gone  an  imuaiial  dc^piee  of 
flexion.  The  extoit  of  the  leap  depends  on  the  form  and 
size  of  the  body,  the  length  and  the  strmigth  of  the  limbs, 
^hc  myriqpoda  are  not  observed  to  leap.  Many  of  the  flfu^ 
dcrs  and  ipsects  leap  with  ease,  both  fi>rwazds,  backwards, 
9nd  laterally.  In  those  which  tffe  remarkable  fcx*  this  fa- 
culty, the  thighs  of  the  hind-legs  are  in  general  of  uw)oin* 
mon  si^  i|ii4  stnepgth.  Ainong  r^tilep,  the  leafmig  ftog 
is  well  known,  in  oppomtion  to  the  crawling  toad*  ^mpng 
quadrupeds,  those  are  observed  to  leap  best^  Which  have 
the  hind  legs  longer  and  thicker  than  the  fore  legs^  as  the 
kangaixx)  imd  the  hare.  These  wpilk  with  difficultyi  but 
)eap  with  ease. 

The  motion  of  leaping  is  not  oon^ed  to  animals  furnish- 
cd  with  1^;  nor,  even  amcmg  these,  is  the  action  confined 
to  the  Ifgs.  Serpents  ar^  said  to  leap,  by  folding  th^  bo- 
dies intp  several  undulations,  which  they  unbeid  all  at  once, 
according  as  they  unsh  to  give  more  or  }es$  velocity  to  thdu: 
motion.  The  jumping  maggoty  fbund  in  cheese,  erects  it- 
self upon  its  anus,  th^n  forms  its  body  into  a  circle,  by 
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briufpng  its  head  to  the  tail ;  and,  having  ocmtracted  every 
port  as  much  as  possible,  unboids  with  a  sudden  jerk,  and 
darts  fbrwwd  to  a  surprising  distance.  Many  crabs  and 
podurse  bend  their  tail,  or  hairs  which  supply  its  place,  un^ 
dcr  thor  belly,  and  then  suddenly  unbending,  give  to  the 
body  a  considerable  degree  of  progresriye  motiim. 

4.  Jlyif^.—- Flying  is  the  omtinued  suq>enaion  and  pro^ 
^vesB  of  the  whole  body  in  the  air,  by  the  action  of  the 
wings.  In  Itia^ng^  the  body  is  equally  suspended  in  the 
air,  but  the  suspensicm  is  only  momentary.  In  flying,  on 
the  contrary,  the  body  remiuns  in  the  air,  and  acquires  a 
pragieanTe  motion  by  repeated  strokes  of  the  wings  on  thf 
surrounding  fluid. 

The  centre  c^  gravity  of  the  bodies  of  flying  animidsj  is 
always  below  the  insertion  of  the  wings,  to  prevent  them 
falling  on  their  backs,  but  near  that  point  on  whkh  the 
body  is,  during  flight,  as  it  were  suspended.  The  poGi4 
tions  asBumad  by  the  head  and  feet  are  frequently  calcu- 
lated to  accomplish  theseends,  and  give  to  the  wings  every 
assistanee  in  continuing  the  progressiYe  motion. 

The  action  of  flyibg  is  peHbntied  by  animals  bel(»igiiig 
to  diffetait  classes.  Among  the  Mammalia^  bats  display 
tUs  faculty,  by  m^ansc^  wings,  ^mnedof  a  thin  membrane 
extending  between  the  toes,  which  are  long  and  spread*- 
ingi  the  fi>rp  and  hind  legs,  and  betweW  the  hindrlegs  and 
the  tail.  In  Birds^  the  wings,  which  occupy  the  place  of 
the  anterior  extremities  in  the  mammalia,  and  are  the  ori- 
gans of  flight,  ccHifflst  of  feathers,  which  are  stronger  than 
thoseon  the  body,  and  of  greater  length.  Among  Beptiles, 
the  flying  lisard  m|iy  be  mentioned,  whose  membranaceoii^ 
wings,  projecting  fiom  each  aide  of  the  body,  without  be- 
ing (scmnected  with  the  legs,  enable  it  to  fly  from  ope  tree 
to  another  in  searpb  of  food.  A  few  Fishes  are  likewise  ca- 
pable of  sustaining  themselves  for  a  short  time  by  means 
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of  ibeir  fiaa ;  these  are  ienaeiJIjfimgJUh.  The  power  of 
flight,  among  the  inveitebnl  ammals,  is  eonCiMd  to  iii- 
sectB  with  flx  feet  Here  the  wings  an  distinet  fram  the 
feet,  and  Taiy  in  numbar  feom  two  lo  feur.  They  ane 
membranaceous  in  their  structure,  and  are,  in  general,  cover* 
ed  with  hairs  or  scales.  Spiders  are  able  to  mofie  in  the 
air  by  oaeans  of  thar  thnads. 

In  the  action  of  flying,  the  tail,  especially  in  birds,  is  of 
great  use  in  regulating  thiir  rise  and  fell,  and  even  their  hu 
tend  movements. 

6.  5Wmmtf^'«— is  the  same  kind  of  action  in  water,  as 
flying  is  in  air.  The  oigans  wfaidi  are  employed  fiir  Am 
purpose,  resemble  the  oars  of  a  boat  in  their  mode  of  aetioB, 
and  in  general  possess  a  oonsideraUe  cKtent  of  sfivfeoe  and 
feeedom  of  motion.  The  fonnar  condition  enables  them 
to  strike  the  sunounding  fluid  with  an  oar  of  suficient 
breadth  to  giye  pcogressiFe  motion  to  the  body ;  and  the 
latter  permits  the  same  organ  to  be  brought  back  to  its  fiir* 
mer  position  for  giving  a  second  stroke,  but  in  a  diArant 
direction,  and  without  oflcring  so  great  resistance.  The 
centre  of  gravity  is  so  pbced,  that  the  body,  when  m  ac- 
tion,  shall  rest  upon  the  oars  or  swimmers,  or  be  brought 
fay  certain  means  to  be  of  the  same  specific  gravity  with  the 
water. 

The  animals  which  are  furnished  with  oars  or  swimmera, 
and  are  capaUe  of  performing  this  acticm,  are  chiefly  con- 
fined to  the  vertebral,  and  to  those  widi  articulated  limbs 
among  the  invertebral  animals. 

Swimming,  however,  is  not  confined  to  those  animals  wUoh 
are  funiiAed  with  oars  or  swimmers.  Many  animals  move 
with  ease  in  the  water,  by  means  of  repeated  undula- 
tions of  the  body,  as  serpents,  eds,  and  leeches ;  or  by 
Tarying  the  form  of  the  body  by  alternate  contractile  and 
expansive  movements,  as  the  medusee. 

In  these  different  displays  of  voluntary  motion,  the  mus- 
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des  tffe  cudy  aUe  to  pontiiitte  'm  exeicise  £at  u,  ILooked  pe.- 
riod,  duiing  vhich,  thar  irrite|Hlity  dMinifihpBj  and  the  Hix^ 
ther  exeiticn  of  their  poweis  beoooMS  {Manful^  When  dius 
tktagaady  animak^ndeavjour  to  place  themselves  in  a  condi- 
tion for  lesting,  imd  fall  into  that  state  of  tenqporary  lethio'- 
gjy  denominated  sleep. 

The  positions  assumed  by  animals  during  sleep,  are  ex- 
tremely various.  In  die  horse,  they  even  differ  according 
to  circumstmces.  In  the  fidd  he  hes  down,  in  the  stable 
he  stands.  Dogs  and  cats  form  their  bodies  into  a  cirde, 
while  birds  place  their  heads  under  dieir  wings. 

The  (Hrdinary  time  of  sleep  is  IScewise  exceedingly  vari- 
ous  in  diffemnt  animals,  and  in  the  same  animal  is  gieady 
influenced  by  habit.  It  in  general  depends  on  circumstan- 
ces, connected  with  food. 

It  is  probaUe,  that  all  animals,  however  low  in  the  scale, 
have  their  stated  intervals  of  repose,  although  we  are  as  yet 
unacquainted  dther  with  the  position  which  many  of  them 
assume,  or  the  periods  during  which  they  repose. 

There  are  many  animals  in  which  the  muscular  filaments 
cease  to  be  prceptible,  as  in  many  zoophytes ;  yet,  when 
we  see  all  the  actions  of  the  muscular  fibres  performed,  such 
as  oontracti(»i  and  expansion,  we  admit  their  existence 
from  andogy,  and  repose  the  utmost  confidence  in  our  con- 
dusions. 

In  the  dassificaUon  of  animals,  the  organs  of  motiim  are 
very  extensively  employed.  They,  however,  do  not  aid  us 
in  forming  divisions  of  the  I^iyg^e^t  kind»  hut  they  assist  in 
the  oonstrucdon  of  subordinate  groups.  This  may  appear 
obvious  by  an  examination  of  the  facts  stated  in  thi^  chap* 
^ter.  Among  Quadrupeds,  for  example,  many  walk,  some 
fly,  others  3wim,  —among  Reptiles,  son^e  possess  f6ct,  others 
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me  defltitate  of  them,*— among  Imects,  the  same  fspexAes,  in 
some  genera,  can  either  walk,  fly,  or  swim  at  pleasure. 

But  althoygh  the  characters  funusbad  by  the  muacular 
aystem,  are  thus  various  and  indefinite  with  regard  to  cJas- 
aes,  they  serve  to  mark  the  characters  of  fl|)ecies  or  gmera 
with  wonderful  predsion. 

Ifhe  three  lEiystems  of  organs  which  we  have  considered  in 
the  three  preceding  chapters,,  when  viewed  in  connection,  qua* 
lify  the  animal  frame  for  the  higher  purposes  of  existenoe, 
The  insensible  parts  of  the  skb,  bones,  and  cellular  mour 
blme,  are  the  rudiments  of  the  singular  fabric,  and  occu- 
py, in  reference  to  Hmr  ftinctiops,  the  lowest  pIfMse  in  the 
scale.  The  musdes,  though  under  controul^  and  occupy- 
ing a  subordinate  mtuation,  exerdse  functions  of  a  higher 
kind.  The  quality  of  irritability  which  they  possess,  per- 
mits them  to  be  excited  to  action  by  the  appUcationt  of  cer«- 
tain  stimulants,  and  Ukewise  enables  the  nervous  system  to 
exerdse  its  absolute  contTvml  over  them.  Ifall  the  motions  of 
the  body  be  performed  by  means  of  the  musdes  under  the 
guidanoe  of  the  nervous  system,  we  must  regard  its  functions 
as  of  a  still  higher  kind ;  and  a  closer  attention  to  its  van* 
ous  characters,  will  induce  us  to  assign  to  it  the  dominion 
pf  the  body.  To  this  system,  as  to  a  second  class  of  fimc- 
tjpns,  we  now  propose  to  direct  the  attention  of  the  reader, 


CHAP.  IX. 

ON  tHE  MSBVOUS  SYSTEM. 

jcaLs  the  nervous  system  contains  the  organs  of  simsation  and 
Volition,  and  distinguishes  animal  fh>m  vegetable  structures, 
it  has  long  occupied  the  attention  of  anatomists,  and  is  now 
employed  by  naturalists  as  the  baas  of  systeinadcal  arrange- 


Digitized  by  CjOOQ IC 


tnenti  The;  discoveries  with  wbich  these  investigatiofis 
have  been  rewarded,  are  indeed  numerous;  but  much  yet 
remains  to  be  done^  in  ordet  to  a^oeftain  the  structure  and 
actions  of  various  fiarts  of  this  system^  and  to  recondle  the 
contradictory  statements  of  different  authors.  It!  takfaig 
our  view  of  the  subject,  it  will  be  necessary  to  avoid  edl 
minuteness  of  detul,  and  to  attend  chiefly  to  those  drcum- 
stances  which  characterise  the  different  races  of  animak, 
instead  of  investigating  the  peculiarities  of  particular  spe^ 
cie84 

1.  StrtitHire  ofihe  Ner&oUs  SySUm.— The  nervous  sj^s- 
tem,  as  it  appears  in  its  most  perfect  form  in  the  vertebrA} 
ammals,  consists  of  the  Brain,  the  Spinal  Marrow^  and  the 
Nei^cs. 

The  BRAIN  occurs  in  the  anterior  part  of  the  body,  suf- 
tounded  by  the  bony  covering  of  the  skull.  Between  the 
brmn  and  the  skull,  there  are  three  membranes  which  are 
eonsndered  as  the  inkguments  of  this  part  of  the  nervous 
system.  The  exterior  of  these  is  termed  the  Dura  mater j 
and  may  bef  considered  as  the  inner  periosteum  of  the  skull. 
It  forms  various  processes  fof  dividing  and  supporting  dif- 
ferent portions  of  the  brain,  and  contains,  within  its  dupE- 
catures,  tortuous  cavities  for  the  reception  of  blood,  which 
are  called  sinuses.  Underneath  the  dont  mater,  is  the 
Arachfwid  coat ;  so  named  frofn  its  nesetnUance  to  a  s[n- 
der^s  web  in  thinness.  Like  the  former^  it  is  extended 
merely  over  the  surfaee  of  the  brain,  without  entering  its 
various  convoluticms.  The  third  membrane  of  the  brain  is 
termed  Pia  maier.  It  adheres  every  where  to  its  surface, 
foQowing  the  course  of  all  its  irregularities,  and  lining  its 
different  cavities.     It  is  thin  and  vascular,  oontidning  nu^ 
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merouB  bloodvessels,  irhicb  likewise  petietrate  into   the 
bram  beneath. 

The  brain  iteU*^  in  the  more  per£tet  ai^biak,  appears  in 
die  form  of  a  softy  compressible,  slightly  viseous  mass.  It 
exhibits  such  differences  in  it»  texture,  as  to  mduce  anato- 
mists to  consider  it  as  composed  of  two  distinct  subataaces, 
to  which  they  have  applied  the  textns  Cilieritious  and  Medul- 
lary. 

The  ctnerkkmSy  or  cortical  substance,  as  it  is  fikwise  cal- 
led, is  of  a  greyish  colour,  usually  tinged  with  red,  semitrana- 
parent,  and,  to  the  eye,  appears  to  be  homogeneous.  It 
is  soft  and  vascular  in  its  texture.  Injections  penetrate  its 
substance,  and  exhibit  the  exbtence  of  bloodvessds.  **  Its 
quantity,  (sap  Cuvixx,)  with  respect  to  the  rest  of  tbe 
brain,  decreases  in  the  cold  blooded  animals.  It  is  propor- 
tionally greater  in  man  than  in  any  other  animals.^ 

The  MeduUary  matter  is  of  a  white  colour,  opaque,  and 
of  a  firmer  consistence  than  the  dneritious.  When  examin* 
ed  with  a  glass,  it  appears  to  consist  of  fibres  disposed  in 
different  directions.  It  possesses  few  bloodvessels,  and  in- 
jections do  not  penetrate  to  all  its  parts. 

These  two  substances  constitute  not  only  the  brain,  but 
the  spinal  marrow  and  the  nerves.  They  differ  from  eadi 
other  in  relative  situation,  according  to  circumstances.  In 
the  brain  the  cineritious  matter  b  chiefly  peripheral,  while 
in  the  spinal  marrow  it  19  central  They  cannot  be  distin- 
guished, with  certainty,  as  exbting  separately  in  the  ner- 
vous system  of  the  white  blooded  animals. 

The  chemical  analysis  of  brain  has  hitherto  made  us  but 
imperfectly  acquainted  with  the  ingredients  df  which  it  con- 
sists, or  their  peculiar  state  of  combination*  According  to 
Vauciuelin  it  is  composed  of 
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Water,          -         -          . 

80.00 

White  fatty  matter^ 

4.58 

Seddiah  fatty  nutter, 

0.70 

Albumeo,            ... 

7.00 

Osmasmne,        -         -         - 

1.1« 

Phosphorus,            ... 

l.£0 

Acids,  salts,  and  sulpbar. 

5.15 

14S 


100.00* 

In  pvofeasor  John^s  exmnkiation  of  the  ctneritiouB  mftU 
ter  of  the  bndn  of  a  calf,  he  detected  the  fbllowing  salts  :•**- 
moml  cf  soda,  a  soli^iat,— the  pbosphats  of  lime,  Mda, 
ammonia,  and  magtiesia,  with  a  trace  of  the  phosphat  of 
fTCAi,  and  ffllica  f . 

The  bndn  in  consequence  of  its  stmcture,  is  usually  di- 
vided into  two  portions,  termed  Cerebrum  and  CerebeQum. 

The  CBRSBBirH  occofnes  the  whc^  fiDntal,  ooronid,  and 
a  great  part  of  the  occipital  portion  of  the  skuD.  Its  peri- 
pbefal  portion  conasts  of  dneritaous  matter ;  its  central,  of 
medullary,  here  and  there  mixed  with  cineritious.  Its 
surface  is  marked  by  numerous  fiirrows,  of  yaiiou's  depths, 
and  whidk  are  convoluted  in  difierent  directions.  It  is  di- 
vided Iongitu<finally  and  vertically,  by  a  deep  fissure,  which 
receives  a  duplicature  of  the  dura  mater,  into  two  nearty 
equal  portions,  which  are  termed  HemUpheres,  These  are 
oontirex  eseternaDy,  irregular  beneath,  and  flat  on  the  cfppo^ 
ing  surfaces.  Each  hemisj^ere  is  divided  into  three  lobgs ; 
the  anterior,  which  rests  on  the  orbital  {date  of  the  frontal 
bone;  the  middle,  occupying  the  cavity  formed  by  the 
sphenoid  attd  temporal  bones ;  and  the  posterior,  whidi  oc- 
curs nearest  the  neck,  and  rests  on  the  cerebellum.  In  de- 
scending between  the  two  hemispheres,  towards  the  centre, 
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h  transverae  hard  and  white  membrane  termed  C&rpuM  caSo^ 
#11191,  9fipea3rsj  of  considerable  thickness,  convex^  with  its  ns^ 
tenor  and  posterior  extremities  incurved.    At  eadi  of  these 
extremities^  the  hemisplieres  are  united  by  a  medullary  cordi 
termed  the  anterior  and  posterior  camminures*    Under* 
neath  the  corpus  callosum,  is  the  less  dense  partition,  tcriD- 
ed  Septum  luddum^  the  inferior  arched  side  of  which  is 
termed  the  Fornix.    On  each  side  of  this  division,  the  sub- 
stance of  the  bndn  admits  readily  of  a  separation,  exhibit- 
ing two  cavities,  termed  the  Lateral  Ventrkiea  of  the  blain, 
which  are  said  to  communicate  with  eadi  other^  near  the 
middle  of  the  fornix.     In  the  lower  and  interior  parts  of 
each  ventricle,  there  is  a  curved  meduUaiy  prdongation, 
termed  Comu  Jmmonis.    In  the  anterior  part  of  each  ven- 
tricle^  th^«  is  a  pyrifcnin  emiaeDoei  c{  a  dneritkxis  colour, 
and  striated  when  divided^     These  are  termed  Corpora 
striata*    Bdiind  these,  lie  two  other  eminences^  of  a  whiter 
colour,  united  by  a  soft  transverse  plate  of  medullary  mas- 
ter, forming  what  are  termed  Thalami  nervorum  optieorum' 
Between  these,  there  is  another  cavity^  termed  the  7%iri 
Veniride  of  the  brain^     The  communications  between  the 
differait  ventricles^  and  the  fluids  which  they  oontaki,  are 
still  subjects  of  controversy.    Immediately  behind  the  tha- 
lamic lies  the  Pineal  Gland^  iemarkable  for  contaimi^  smaU 
concretions,  like  sand,  consisting  of  phoqphate  of  lime.    Be- 
neath this  gland,  are  situated  four  medullary  eminences, 
termed  Corpora  quadrigeminaj  the  two  superior  and  ante- 
rior  of  which  are  called  nates  ;  the  inferior  and  posterior, 
testes*    In  each  lateral  ventride,  there  is  a  plexus  of  mi- 
nute arteries  and  v^ns,  which  are  expanded  upon  the  op- 
tic thalami,  the  pineal  gland,  and  corpora  quadrigemina. 

The  CEEEBBLLUM  occupics  the  inferior  cavities  d  the 
occipital  bone,  and  is  covered  by  the  posterior  lobes  of  the 
jcerebnmi.     Its  surface  is  marked  by  transverse  furrows. 
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wtiA  are  paialld  and  aNi%i]ous.  It  may  be  considered 
88  of  a  firmer  oonsutenoe  than  the  oerebrum>  and  oontain- 
ing  a  greater  propordon  of  cmeritious  matter.  When  di- 
vided vertically,  the  medullary  matter  appears  disposed 
tbiDUgfaout  the  cineritious,  like  the  branches  of  a  tree. 
This  has  given  rise  to  the  appellation  Arbor  vito.  The 
cerdbdlum  is  divided  kmgitudinaUy  into  two  lobes  or  he- 
mispheres, which  are  united  with  each  other  by  means  of  a 
medullary  part,  termed  the  vermifijrm  process,  or  diird  lobe 
of  the  brain.  On  the  inferior  sur&ce,  where  it  rests  upon 
the  commencement  of  the  spinal  marrow,  there  is  a  cavity, 
termed  the  fourth  ventricle  of  the  brain.  It  communicates 
with  the  third  ventricle,  by  a  passage  which  has  been  term* 
ed  the  Jqueduci  ofSihius.  In  the  bottom  of  the  fourth  ven^ 
tiide,  there  is  an  angular  impression,  bearing  a  resemblance 
to  a  writing  pen,  and  denominated  Calamus  scriptbrius. 

8.  The  SPINAL  MARROW  may  either  be  considered  as 
taking  its  rise  from  the  brain,  or  as  terminating  in  its  sub- 
stance. If  we  view  it  as  ori^nating  from  the  brain,  it  ooo- 
flists  of  four  cords,  whidi  are  termed  Crura,  two  oi  whidi 
proceed  from  the  cerebrum,  and  two  from  the  oerebdlum. 
Those  fiom  the  cerebrum  arise  between  the  anterior  and 
middle  lobes.  The  body  formed  by  the  umon  c£  these 
four  crura,  when  contained  within  the  cavity  of  the  skull, 
is  called  MeduBa  obbmgaia.  It  is  sqiaiated  from  the 
mass  of  the  cerebrum  by  a  medullary  dieath,  striated 
transversely,  termed  Pons  Varolii  or  Tuber  annulare^  and 
is  marked  with  a  Icmgitudinal  furrow  in  the  middle,  and  one 
on  each  side.  Within  each  lateral  furrow,  there  is  a  slight 
eminence,  denominated  Corpus  otivarimn;  and,  between 
this  and  the  middle  line,  there  are  some  longitudinal  fibres, 
termed  CiwpprajpynMmdaJia.  In  its  progress  downwards, 
m  the  canal  fonned  in  the  vertebrae  for  its  reception,  it  is 

VOL.  I.  R 


Digitized  by  CjOOQ IC 


146  PHILOSOPHY  OF  ZOOLOGY. 

BDveloped  by  tt^  sane  integutQcntfr  which  we  have  already 
notioed  as  belongii^  to  the  brain  itself.  It  diifinv  from  the 
brain»  however,  in  the  arrangement  of  its  eoraponait  parts, 
the  mkUiUary  matter  here  oecupying  the  surface,  while  the 
ciaeritious  is  disposed  towards  the  centre  in  a  erossJike 
form.  It  is  .divided  loogtUidinally  into  two  eq^al  halves, 
by  a  channel  which  is  very  obvious  on  the  dorsal  aapeet, 
and  on  each  side  there  is  likewise  a  groove.  By  soim  ana- 
tombtSy  it  is  considered  as  consisting  of  two  medullaiy  cords 
oniy,  divided  in  the  directioa  o(  the  mesial  line;  while 
others  conrader  it  a»  consisting  of  four  coids,  two  anterior 
and  two  pos^rior.  Considerable  support  seems  to  be  af- 
forded to  the  last  opinion,  by  th^  circumstance  of  its  oogi- 
nating  from  four  medullary  cords,  two  from  the  cenebrum, 
and  two  from  the  cerebellum.  The  two  former  nay  be 
considered  as  forming  the  anterior,  and  the  two  butler  the 
posterior  portions.  These  cords,  however,  are  brought  in- 
to intimate  union  by  numerous  filaments,  which  pass  from 
tlie  one  to  the  other.  Mr  Sewsll,  of  the  Veteridaiy  Col- 
li^, London,  has  ascertained  the  existence  of  a  canal  in 
the  centre  of  the  spinal  mamAr  in  the  horse,  bullock,  sheep, 
hogy  and  dog.  It  extends^  uninterruptedly,  from  the  cala- 
mus sciiptorius  to  the  cauda  equina;,  is  lined  by  a  mem- 
bcane,  resembhog  the  tunica'  aracbncidea,  and  contains  a 
tranqpaixnt  oolouvkss  fluid,  hke  that  which  is  oonlained  in 
the  ventricles  o(  the  brain  *. 

8.  The  Ni^RVEs  may  be  regarded  either  as  oripnating 
from,  or  terminating  in,  the  brmn  or  spinal  marrow.  We 
flludl  conader  them,  for  the  present^  in  the  former  point  of 
view.  The  int^uments  of  the  nerves  resemble,  in  appear- 
ance, those  of  the  brain,  closely  invest  them  on  all  sides,  and 

«  ««  A  Letter  on  ai  OumT  in  the  Mechrita  SpiiMlii  or  M 
Phil.  'Enm.  1800,  p.  14S. 
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jnaeire  their  formi  BeaidMllMflti^  tkcittkadflluafeMU»* 
kr  tmembtmt,  oontaiato^  UMdveaseb,  irfuflh  ptaetnlM  A^ 
uHflrior,  and  faniift  aheA^M  roawi  ihe  oamfoomt  flainmitft 
TbbBiaBlMDeiBternediVm'^^  It  aMjrlieeadMiHUil 
bjrdiBBDlTOigdMfflulMtanoeaf  the  nerve  in  ewilk  pstaaki 

(byaadfl*   In  thkkatcMe^tfaejrnwf  bdobwiv^d 
Qosng  in  Tarbut  wk^l 
Soneof  tfaanervc8apt>ettrtoh«vea«nifileortgin;  bill 
»  gnctaly  several  fikmentB,  fiom  Afferent  {wHe  of  the 
brahi4Nr  spinal  manrow,  unite  torfenn  the  tninkof  anetYe* 
ThiB  tnmk  agem  ftuhfhvides  ra  various  ivagw  \  bnt  the  va- 
( da  not  akvay s  exhihk  a  proportioiiel  decveMe  of 
It  freqwatfy  happens^  that  the  bnndiesof  the  same 
tr  ef  ]£ffumik  Bcrves,  unite  and  separate  i»pefitcdly  within 
aflaattspase,  Jaminga  dme  kind  of  neMwcwk,  to  which  the 
iMttiie  Pksmg  has  been  eppiied.     Somebm^  filaments  pasa 
fiaa  ooe  nerve  to  another;  and,  at  the  junctien,  tk&hs  is 
naEwHy  an  eaiaiganient  of  meduBary  matter  tenned  a  GiM^ 
gStm.    NiHOiaioua  fihuasnte,  ibain  diArent  Mrvas,  often 
naifeetD  finrm  a  goagiibn,  iamn  whisb  ptxx»ed  trunks  £»• 
quently  of  greater  nmgmtude  than  tl|e  flaaienits  idUch  eeH 
tcKdr    Thw  nBrvee,  vevyidiSeKnnt  in  their  or^,  fisntt 
rnaniHiahialiiii  with: one  anetheri  so-  that  the  whrie  nar*- 
vooa  sjystem^  may  be  considerBdas  a  Und  of  net-wank,  bc^ 
tireenihe  difevnilt  parti  of  wUdt,  aar  hniHiate  eanneotiGttF 
tthsiam.  Ill  coosequenneof  this  anmyaiHffit»  itJB  often  mat*- 
teraf  very  ginat  difibidtf  tiy  astiMain  the  eri^^ 
filaments  which  unite  to  constitute  the  trunk  of  a  newe.    In 
amne  jnetamaes^  they  appear  tb  anse  fvent  the  suifaee  of  the 
hiam  orapinai  msaiwv ;  in  other  cases,  lann  the  atoee  cmi* 
tial  parts. 

The  manner  in  which  the  nerves  terminaU  in  the  diffe« 
lent  organs  to  which  ttiey  are  distributed,  is  still  consi- 

k2 
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ienA  hy  many  authon  as  undeternuiiadL  Mr  Caeltlv, 
hovrerer,  aeons  disposed  to  consider  the  ijuestioa  as  of 
easy  solution,  and  states  the  result  of  his  inmtigati0as 
in  die  followii^  terms  :-<**^  The  terminal  extremides  of 
nerves  haire  been  umxally  oonsidered  of  unKoited  estensioih 
By  aosurata  dbacction,  however,  and  the  aid  ef  raagmfying 
glaases,  the  extreme  fibrils  of  nerves  are  easily  tnued^nsftr 
as  their  sennble  properties  and  their  oontinui^  extend. 
The  ^brils^cease  to  be  subdivided,  whilst  perfeedy  lisible 
to  the  naked  eye,  in  the  voluntary  muscles  of  large  animals ; 
and  llie  spaces  they  occupy  upon  superficies  where  they 
seenfr  to  end,  leave-a- remarkable  excess  ef  parts  uneon^sied 
by  those  fibrils.  The  extreme  fibrils  of  nerves  kae  dieir 
opacity;-  the  medullaiy  substance  appears  soft  and  traas^ 
parent;:  the  envekipbg  membrane' becomes  pdhaad;  and 
the  whole  fibril  bdtesdtute  of  the  tenacity^necesBary  to  pre* 
serue *ks  own  distinctness.  It  seems  to  bedifiused  or  min- 
gled  with  the  substances^  ia  which  it  ends.  Thus  the  uhio 
nmte-terminatiDns  of  nerves  for  volition,  and  ordinacy  sen- 
sataoo,.  appear  to  be-  in  the  retiettlar  membrane,  the  eoao^ 
mon  eoveiing  of  aH  the  dkBemat  substances  m  an  snimsl* 
body,  and  the  connecting  medium  of  att  dissimilar  parts  V 
When.it  is  conflidered  thaib  the  nerves  ef  sensations  and  ve» 
fitaon-exeicisefuBctionsao.vefy  difteent  from  each  other, 
they. may  beexpected  to  eriubit  copeqponcBiydiiercnces 
in  their  esnnections  and  tcnajnatinmu  To  detect  these,  the 
scalpel  and  tt^  microscope  are  necessary ,  under  the  guidanoe- 
of  a  mind  habilualed  to  observation,,  and  cautious  in  ifS'in- 
ductioDs» 

The  differences  wfaidr  may  be*  observed"  in*  the  nervous 
system  of  the  vertebrsl  aidmals  am  numerous,  and  have 
long  occupied  the  attention  of  phydologists.     But  the  oh« 

•  PbiL  Titni.  ISOS,  jk  9. 
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( whkh  hsve  been  made  on  this  subject,  wee  too 
tmperfeirt.  to  enable  us  to  determine,  nvith  precision,  the  pe^ 
cuBar  fimclions  of  the  difeoent  fMurts,  or  die  elects  which  a 
modification  c£  the  farm  or  situation  of  these  parts  is  calcu- 
lated  to  pnidttoe.  Befi»e  taking  any  lartber  netioe  of  tins 
part  of  die^sdbgect,  let  us  attend  to  ihe  actud  diftfcnoes  of 
fonn  nod  structure  edubited  by  the  dSeccnt  daaws  of  ani. 


II.  Varieties  ^  Stntdure  h%  different  Animals. 

From  an  examination  of  the  bndn  of  quadrupeds,  birds, 
rcptOes,  and  fishes,  M;  Cuvisa  draws  the  fdlowing  oonclu- 
simn,  which  mark  the  peculiar  features  of  each  of  these ' 
classes. 

*^  ] .  The  character  which  distinguishes  the  brain  of  Mam- 
mafia  ftom  that  of  the  other  red-blooded  animals,  consists, 
^  a.  In  the  existence  crf'the  corpus  adlosum,  Ae  fornix, 

the  coniua  ^nmionis,  and  'the  pons  Varolii. 
*^  b.  In  the  tubercula  quadrtgennna  being  ^daeed  4ipoB 

the  aquseductus  Sylvu. 
^c  In  the  absence  of  ▼entndesm  the  optic  thalami,  andin 
the  poflition  of  these  thalami  within  the  heniiq)heres. 
^  d.  In  die  alternate  while  and  grey  lines  within  the  cor- 
pora striata. 
*^  %  The  diaracter  peculiar  to  the  brainiof  Burds,  caansts 
^  a.  In  the  thin  and  radiated  septum,  which  shuts  each 

anterior  ventricle  on  the  internal  nde.    . 
^&  The  character  of  Ae  brain  of  Beptiles  depends 
*<  a.  On  the  pasitiofi  of  die  thalami  behind  the  hemi- 


^  4.  The  chwacter  belonging  to  the  bnnn  of  Fishes,  con- 
asts, 
*<<  a.  In  the  tubercles  of  the  olfiKtory  nerves,  and  the  tu- 
bercles situated  behind  the  cerebellum. 
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^5.  The  three  lA$tch6«  have,  SI  oomnott,  the  ftlbw. 

ingcbaracters  by  which  they  ie  ifalingniHhrd  fijom  tfaeint. 

^  u.  Neither  oorpus  eaUosuni)  nor  fimux,  aor  theirde- 


^*  b.  Some  tubovlM,  move  or  km  i 

Ureen  the  eorpeni  etiuNa,  aad  the  epte  thefamL 
f^€.  Thethah««ont«bngtentnclei»«Ddhch^^JhtiMA 

from  the  hemispheres. 
'<  il  The  absence  of  any  tubercle  between  the  tbalami 

and  the  cerebellum^  as  well  as  the  absence  of  the 

pons  VaraliL 
^*  6.  Fishes  have  eertaiiichantftttPa  iacommop  with  birds, 
which  are  aoit  to  be  found  in  the  other  classes.    Theieare, 
*^  a.  The  poation  of  the  optic  thalami  under  the  hasp  of 

the  bnun. 
^*i.  The  number  cf  the  tnbepcles  placed  before  these  tlwu 

laaa,  which  are  oommoniy^  four* 
<^  7.  Hdies  and  reptiles  have^  for  a  rownion  character, 
distmgiiishing  them  ftom  the  two  first  daseesy  the  absence 
of  the  arbor  vitae  in  the  cerebdUum. 

<*  &  AU  red4iloQded  aainuds  have  the  fiUowing  charac 
ten  ia  common* 

^^  a.  Thepriaopal^yMsioa  iaibo  hemispheres  ^^P^  diab- 

mi,  and  cerebellum. 
<«  b.  The  aatericr  ventricles  double;  the  third  and  feurth 

single ;  the aqittssductus  Sylvii ;  the  tnfonfibuhHo; 

and  a  oomrauaieation  hetaven  iidl  thev  cavities. 
*^  e.  The  corpora  striata,  and  their  i^qModioes,  ia  die 

form  of  a  vaidt,  called  hemispheaes. 
^<  d.  The  anterior  and  posterior  commissures,  and  the 

valve  of  tlie  cerebrum. 
"  €'  The  bodies  named  Pineal  and  Pituitary  Glands. 
•^Jl  The  union  cf  thegreat  sii^  tuberde  or  cerebeUam, 
by  two  transverse  criira»  with  the  re^  of  ti^  brsin, 
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which  gives  origin  to  the  'two  kxigitadiiial  crura  of 
the  meduUa  oblongata. 

^  9.  It  abo  appears,  that  tfiere  exist  certain  relatioiiB  be« 
tween  Ae  faculties  of  flnimaki,  and  the  proportions  of  their 
oommon  parts. 

^  Thus  the  intdligenee  Aej  possess,  appears  more  peiv 
feet  in  proportion  to  the  vohnne  of  the  appendix  of  the  oosw 
pus  striatum,  which  forms  the  vault  4if  the  liemiepheres. 

^  Man  has  (hat  part  greater,  more  extended,  and  more 
reflected  than  the  other  animala. 

^  In  proportion  as  we  descend  from  man,  we  observe  that 
it  becomes  smaJSer  and  smoother  on  the  surface,  and  that 
the  parts  of  the  brain  are  less  complicated  with  each  othei;^ 
but  seem  to  be  unjfblded  and  spread  out  longitudinaU]|[. 

'*  It  even  appears  that  4»rtain  parts  assume,  in  all  classes, 
forms  which  have  a  relation  to  particular  qualities  of  ani^ 
xnals :  ibr  example,  the  anterior  tubercula  quadrigemina  of 
carpSy  whidi  are  the  most  feeble  and  least  camivxirous  of 
fehes,  are  proportionally  Iar;ger  than  in  the  odier  genern, 
in  the  same  manner  as  they  are  in  the  berUvorous  quadni^ 
peds.  By  following  these  inquiries,  we  may  hope  to  obtain 
some  knowledge  of  the  particular  uses  of  eadi  of  the  parts 
of  the  brain*** 

In  the  ammals  without  vertebrae,  the  brain  tis^destitote 
of  the  protecting  bony  covering,  which  forms  the  head  and 
backbcme  in  the  vertebral  animals.  The  brain  itself  is 
much  more  simple  in  its  structure.  The  dboeritious  and 
medullary  parts,  can  scaroely  be  perceived  as  distmct;  and 
aU  that  appears  to  be  present  is  a  cerebellum,  with  one  or 
more  tubercles,  resemUing  a  c^ieb^im,  and  nerves  fur- 
nished with  ganglia. 

Independent  of  very  remarkable  differences  in  the  struo- 

*  CompvatiTe  AiHtomjr,  wd.  fx.  p.  8.    . 
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ture  .of  the  uervous  system,  ia  the.different  genent  of  inver- 
tebral  animals,  there  may  still  be  perceived  two  aiodels»  ao- 
oordiqg  to  wUcfa,  the  oigans  belongiiig  to  it  are  anraaged. 

In  die  first,  the  brain  is  situated  «pon  the  oesophagus. 
It  presents  different  forms,  aceoiding  to  the  qieoaes.  It 
qjpears  more  like  a  ganglion,  thai^  the  brain  of  the  yerte* 
bral  animals.  It  sends  off  several  nerves  to  the  mouth, 
eyes,  and  feelers.  One  on  each  nde  passes  round  the  oeao- 
phagus ;  these  uniting  below,  form  a  gan^ion ;  in  some  cases 
larger  than  what  is  ocmsidered  the  true  bsaant  From  this 
gaoglion,  nerves«re  likewise  sent  off  to  different  parts  of 
the  body.  The  animalft  in  which  this  nervous  system  pre*> 
vaih,  belong  to  the  great  division  termed  Mollusca* 

In  the  second,  the  brain  is  situated  as  in  the  moUusca, 
aends  out  nerves  to  the  surrounding  parts,  and  likewise  one 
nerve  on  each  side,  whidi,  by  th^  union»  form  a  gan^ion^ 
from  which  other  nerves  issue.  This  ganglion  produces 
likewise  a  nervous  cord,  which  proceeds  towards  the  ex- 
tremity of  the  body,  fonning  throughout  its  length  ganglia, 
from  which  small  nerves  proceed;  thiscord,  at  its  commoice- 
ment.  Lb,  in  some  cases,  double  for  a  short  distance.  It  has 
been  compared  to  the  medulla  oblongata  and  spinal  mar- 
row of  the  vertebral  animals.  This  kind  of  nervous  system 
is  peculiar  to  the  Annulose  Animals.  There  are  usually 
ganglia  on  the  nervous  cord,  corresponding  with  the  num- 
ber of  lings  of  which  the  body  consists. 

III.-— On  the  Nervous  System  conridered  im  AcHon. 

This  is  a  subject  unquestionably  the  most  interesting  ia 
the  whole  range  of  zoological  science.  Yet  it  is  still  in- 
volved in  much  obscurity,  and  will  probably  continue  to 
be  so,  unless  new  methods  of  observation  shall  be  devised, 
iBLod  more  rigorous  induction  practised. 
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1.  The  J}ram.-^That  the  bnun  is  the  cogan  to  which 
the  impresaioiis  produced  by  external  objects  are  amveyed^ 
and  from  which  the  exdtements  to  motion  in  the  different 
pafCa arepropagated,  baa  been  demonstrated  by  obsenra- 
tion  and  expetimenit.  We  have  already  stated  the  com- 
plicated structure  of  this  oi^^an,  and  the  yariety  in  the  tex^ 
ture  and  situation  of  its  diiferent  parts.  What,  then,  are, 
d>e -uses  of  each?  Phypiob^ts  have  always  been  greatly ; 
divided  in  their  opinions  on  this  important  subject 

Some,  siqpppflang  that  the  seat  of  the  iqtellectual  opera* 
tions  must  exist  n<ear  the  centre  pf  the  bnon,  have  consider- 
ed the  pineal  gland  as  the  o(mi(mm.semorium.    Others  have . 
bestowed  the  same  honour  on  the  corpus  callofum^  corpora 
stiiata,  pons  Varolii,  and  medulla  oblongata.    S<BMMEai|iQ^ 
oOBifliders  the  ^iqueous  fluids  wit)i  which .  the  ventricles  of. 
the  bcfun  axe,  in  genaral,  in  part  filled,,as  the  common  een*.. 
tre  of  sensation.    According  to  Gall  and  Sfukzhsim,  the 
viirious  operations  of  sensation  and  volition,  are  performed, 
in  particular  parts  of  the  bnun,  every  &culty  or  feeling.hai.. 
vkigajdistinct  oiga^  in  which  it  is  generated*  The  fore  part 
of  the  brain,  they  conader  as,  subservient  to  intellect ;  the . 
middle  to  sentiments,  and  the  back  part  to  propensities.  Ac-; 
oordiing  to  Mr  Walkxe  *,  the  cerebrum  is  the  organ  of, 
senaation,  or  the  centre  to,  which  all  the  impressions  are. 
communicated,  and   in  whidx  deliberation    is  practised,, 
while  tlie  cerebellum  is  the  organ  of  voEtion.     The  nerves 
which  terminate  in  the  cerebrum,  and  the  anterior  columns 
of  the  spinal  marrow,  convey  impressions  to  the  mind ;  and, 
the  nerves  which  arise  from  the  cerebellum  and  the  poste- 
rior columns  of  the  spinal  manow,  execute  the  purposes  of 
volition.  ^  , 


*  AjuuUjb  of  PhiL  voL  vL  p.  26. 
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For  the  confirmatioii  or  refutation  of  these  opimons,  Ta* 
rious  methods  have  been  employed,  by  phyaologistB  and 
anatomists. 

The  dissecHons  of  the  brain  have,  to  a  certain  extent, 
pointed  out  its  structure,  and  some  of  the  modiAcations 
whidi  it  exhibits ;  but  there  are  few  who  wili  venture  to  as- 
sert, that  the  peculiar  functions  of  the  nervous  systsem  of 
any  animal  may  be  determined,  by  the  appearances  exfaflbit'- 
ed  by  the  brain.  How  vastly  superior  are  the  intellectual 
powers  of  man  to  the  monkey ;  yet  the  brains  of  both  bear 
the  dosest  reseraUance  to  eadb  other.  By  compariiy  the 
brain  as  it  appears  in  the  different  classes  of  animals, 
we  certainly  witness  very  remaiicable  modifications  of  form. 
As  we  descoid  towards  fishes,  the  cerebrum  dimuushes 
BO  much  in  siae,  that  its  total  absence  vmyhe  inftnred  in 
thekrwer  classes.  Observation  confirms  the  supposition. 
It  can  scarodiy  be  detected  in  the  molhisca,  and  it  is  want- 
ii^  in  the  annulosa.  Now,  if  the  opinions  with  regard  to 
the  uses  of  the  cerebrum  and  its  different  parts  were  ow 
recty  we  ought  to  find,  in  the  animals  which  are  destitute 
of  the  organ,  a  total  want  of  the  fimcdons  whidi  it  is  deft- 
tiaed  to  p^fbrm ;  (for  we  can  scarcely  suppose,  diat  any  of 
the  other  organs  of  the  body  can  supply  its  place).  But 
fltffl  we  find,  aoKMig  insects,  for  example,  not  merely  sensa- 
tion and  voEtion,  but  instincts,  propenaties,  and  ddibera* 
lion,  whidi,  when  they  occur  in  the  higher  classes,  are  con- 
adered  worthy  of  having  peculiar  organs  set  apart  for  thar 
production.  But  the  cerebellum  still  exists  in  these  md- 
lusca  and  annulosa;  and  may,  therefore,  be  oonsdered  as 
exerdang  the  functions  of  sensation  and  volition.  Let  us 
descend,  therefore,  to  the  inhabitants  of  the  Corals  or  to 
the  Hydne ;  in  these,  neither  brain  nor  nerves  can  be  per- 
ceived. Yet  they  evidentiy  possess  both  sensation  and  vo- 
lition, and  as  evidentiy  want  a  cerebrum  and  cerebellum. 
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In  onier  in  urive  at  afXHirate  ^duskmson  thia  subjeet, 
it  would  be  cf  HnporCaaee  to  examine  the  braai  is  a  variety 
of  fipecies,  with  whose  manners  we  are  tn^ntatdy  ae- 
c|uaiBtecL  Butas  we  knowdiediaractersordispoflitioDsof 
few  animal 8,  with  any  d^ee  of  accuracy,  exeq»t  those 
wineh  ha^  been  iomegtieaiffdy  our  observatioiis,  for  the 
pnaaant,  aniat  be  imperfect,  and  onrg^ieralcoBoluaonBpie. 
nature* 

Attempts  httre  been  made  to  determine  the  functions  of 
Ae  dMseat  fiarts  of  the  bfain,  by  attending  to  the  effects 
of  disease  or  iqinries  of  its  diS^ent  parte*.  There  are, 
however,  peculiar  (ttfficulties  attending  this  method  of  iiK 
veatigatii^  die  sulgect.  Between  the  different  parte  cf 
the  iiervoiis  system,  there  is  an  inthnate  connection  by 
of  what  are  termed  ^^mpaihief.  Hence,  when  we 
lany  derangement  of  the  functions  of  the  brain,  it  is,' 
m  mmj  eases,  difBeuIt  to  determine  the  seat  of  the  disease, 
or  the  various  eiHises  whidi  oombme  in  order  to  produce 
tbeefcots. 

5L  T}i£  Nerves. — In  consid^jing  the  4uii(m  of  the  nervei^ 
it  is  necessary  to  attend  to  their  effecis  in  the  pnjduction  of 
senaaUcm,  of  voluntary,  wd  of  involuntar}'  moi^n. 

a.  Sensaiian, — In  general,  sensadon  is  produced  by  an 
impression  made  on  the  external  organs,  and  conveyed  by 
the  nerves  to  the  common  sensorium.  That  this  is  the  or- 
dinary course  of  sensation,  is  rendered  obvious  by  experi- 
ment We  can  protect  the  external  organs  from  recdving 
the  impression,  or  when  received,  stop  its  progress  along 
die  nerves  by  a  ligature  or  section.  It  may  therefore  be 
asked,  has  any  substance  entered  the  nerves  from  the  ex- 

*  a«e  an  anviDtntiosi  of  a  number  of  vciy  vemarkaUe  csmi  of  M^ 
kino,  in  Sir  Evsa^ao  Home's  ^^  Observations  on  ^e  Functions  of  the  Bnla  ** 
*  PhiL  Trans.  1814,  fC  469. 
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Umil  object?  The  anaay  b  obtMoed fiom  an  attend  to 
•  well  establisbed  fact^ibat  people  w1m>  have  bad  tbeir 
limbs  amputated,  dlen  experience  aenaatiiNia  iadicatii^  tbe 
yxi^fteiK*^  of  tbe  lott  organs,  and  the  presence  of  cztenial 
ol]^ectB  making  an  impressbn  upon  tbes^  Here  is  a  sen- 
sationconvejred  to  die  sensorium  without  an  impresakin  <m 
the  external  aiigan,  and  arising^  obviiHisly,  fixm  n  diange 
in  the  condition  of  tbe  remaining  part  of  the  nerve.  The 
same  fact  demonstrates,  that  sensation  is  not  produced  hj 
n  vibration  of  the  nerves,  arisii^  fran  the  eoncMawion  of 
external  objects,  for  it  is  excited  without  tbe  external  inw 
pressbn-or  concusoon. 

A  sensation  may  likewise  be  produced,  in  certain  cases, 
by  means  widely  different  finom  those  by  which,  in  oidi- 
naiy  cases,  it  isexdted.  Thus  a  Uow  on  theey^  or  the 
contact  of  two  pieces  of  metal,  ainc  and  copper  for  inslanoe, 
one  piece  bong  placed  under  the  upper  lip,  and  another 
under  the  tongue,  make  us  perceive  a  flash,  in  tbe  same 
manner  as  if  light  had  really  struck  the  eye.  Thiscanonly 
take  place  in  consequence  of  a  change  in  the  optic  nerve, 
omilar  to  that  which  light  ttsdf  produces. 
•  The  susceptibility  of  the  senntive  faculty  for  receiving 
impressions,  is  liable  to  oonsideniUe  variataons,  depending 
on  the  influence  exercised  over  it  by  different  circumstaiw 
ces.  Thus,  different  mecbdnes  increase  or  diminifyh  its  sen- 
sibility, and  inflammation  frequently  heightens  it  toapainfiil 
degree.  In  these  cases,  it  appears  obvious,  that  the  causes 
which  are  conndered  as  in  operation,  produce  achange  in 
the  substance  of  tbe  nerve,  or  its  connections. 

But  the  most  obvious  changes  which  take  place  in  the 
sensitive  faculty,  are  indicated  by  diminished  enogy,  in 
consequence  of  continued  action.  This  state  of  fatigue  or 
exhaustion,  must  be  known  to  ewry  one  who  has  attended 
to  the  sensation  produced  by  a  feeble  impression,  imm». 
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diatel  J  after  the  same  organ  hi»  been  acted  upoti  by  one  of 
greater  intenaitj.  In  this  case,  the  feeble  impression  scarce^ 
ly  exdtes  a  peroeptiUe  sensation.  Thus,  weak  sounds  are 
not  diatinetly  heard,  when  they  follow  those  which  are  much 
louder ;  and  feebly  illuminated  objects  we  scarcely  visible, 
what  the  eye,  iauneiKatelybeliHe,  has  been  directed  to  those 
whidi  are  f^aced  in  a  stronger  l^ht  If  we  look  at  a  dark 
object  on  a  white  wall,  and  then  direct  the  eye  to  another 
part  of  the  wall,  we  shidl  still  continue  to  obserre  the  fi- 
guie  c£  the  dark  object,  but  now  become  apparently  more 
Im^it  than  the  wall  itself.  That  part  of  the  eye  on  which 
the  image  of  the  black  qpot  foil  at  forst,  experienced  a  kind 
of  repoee,  while  the  other  parts  oni  which  the  image  cf  the 
whke  wall  fdl,  were  in  action.  The  part,  therefore,  whidi 
was  iaac^e^  is  now  aUe  to  receive  a  stronger  impreanon 
ftora  the  colour  of  die  wall,  than  the  other  parts  already 
fotigued  by  its  influence  *. 

fr.  Feiilioii.— The  action  of  the  nervous  i^stem  in  the 
functions  of  voRKoft,  bears  a  dose  resemUance  to  its  opera- 
tions  as  a  aouidve  foculty.  In  the  case  dT  sensation,  how- 
ever, the  action  excited  in  the  nerve  was  communicated  to 
the  common  sensorium';  in  this  of  vdition,  the  action  exdt- 
ed  in  the  nerve,  is  communicated  to  the  muscles. 

The  origin  of  volition  may  be  traced  to  the  impressionft 
communieated  to  the  farsin  by  the  sensitive  foculty,  or  to 
i  taking  jttace  m  the  brain  itself,  independent  of  the 
i  of  exfeetnal  otjects.  In  the  former  case,  the  volition 
follows  the, sensation,  in  some  instances,  after  an  observable 
interval^  in  others^,  it  appears  almost  instantaneously.  In 
the  one  thoe  is  an  interruption  of  the  drcuit,  if  I  may  so 
spsak^  by  die  inteiforenoe  of  the  mind ;  in  the  other,  the 
BUDd  ^pfMurs  to  exerdae  little  or  no  controul.  But  whether 

*  CuTiKA*!  Comp.  Arnit.  sect  ix. 


Digitized  by  CjOOQ IC 


158  PHILOSOPHY  OF  gOQhOGY. 

the  volilioii  be  generated  in  the  braui  kadf»  or  prwkieed 
by  the  seusilive  faculty,  the  action  excited  in  the  nerve  op- 
peanr  to  be  die  same.  How  this  efleet  ie  produeed^  we  «re 
igiioiB&t.  There  ift  no  leaeon  to  ooaaider  it  as  the  dbd  of 
the  ooBcuaaoB  c^  the  brain  on  the  nerres^  pxoduong  vikn^ 
tioD,  but  there  i»  aome  reaaon  for  ngiidiag  it  aa  the  naiak 
of  a  cfaaoge  in  the  aubalanee  of  the  nerve,  ooeaMDed  by  the 
actioD  of  the  brains 

Varioua  aubataacea  a^died  to  the  brain,  weaken  ka  poiasr 
of  eidting  this  action  in  the  nerveai  Buttheaame 
may  be  excited  in  the  nervea,  iadepekident  of  the 
Thus,  after  the  nerve  baa  been  aepitfatad  firom  the  hrain^ 
the  galvanic  fluid  will  so  far  excite  ita  energieat  aa  to  thniep 
the  muaclea,  to  which  it  ia  distributed,  into  aa  vblent  aao* 
tions  as  if  these  had  been  produced  by  the  oidinaiy  ptoawap 
of  voUtion.  M.  HvMMLDT  has  emideyed  tUa  methoA  in 
distinguishing  the  nerves  from  the  nnaU  vesads^  lie  naaa 
two  needles,  one  gold,  another  silver.  A  point  of  one  is 
appGed  to  the  nuisdea,  and  a  point  of  the  other  1k>  Ihe  fla- 
ment,  the  nature  <^  winch  he  wishes  to  diaeofer,  while  the 
other  extremities  of  these  instruraenia  are  broi^jiht  in  tai^ 
t;act  If  the  iSlament  be  a  nerve,  conlraotioiia  jnimn^iatrly 
take  place  in  the  muscular -fibre. 

In  whatever  manner  the  impMaion  iaprodnoed^  itb  pr#^ 
pagated  along  the  nerve  in  a  duection  oppoaite  to  that  of 
sensation,  being  ftom  the  aenaorinanlo  the  eKtetnal  o^gann 
Its  paogreaa^  hotwevev,  ia  Uabfe  to  be  inlemiptad  by  ibe 
same  causea  as  those  wluchobatruct  the  propagation  of  asifr* 
Mtion,  namely  l^(atuve  or  aeetion. 

The  powers  of  voUtion  appear,  hka  thoaemf  aenafan^to 
be  liable  to  {a,tigo».  The  odatimMd  efSnt  ef  «he  witt  ba. 
comes  painful,  Mid  if  prdonged  bejivnd  a  Inuled  time,  'Am 
nervous  ttiergy  beeomea  exhamled,  and  the  4hadnof  das 
individual  ensues.  If  fatigued  only  in  a  moderate  d^ree,  the 
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iierv<fii»  en^y  b  recniiled  by  repooi^  Thjice  we  slated  kv 
terveky  irlndi  differ,  aococding  to  the  q>ecaes,  in  whick  the 
powers  of  volition  are  idlowed  to  rest,  or  the  individual  is 
said  to«fe^.  Thj8  codditioDy  we  have  seen,  is  lUcewiae  re^ 
quiait^,  in  order  to  recruit  the  peculiar  irritaHlity  of  the 
muscks  employed  for  the  purposes  of  voluotaty  notioiL 

The  aetioD  which  roay  thus  be  excited  in  the  nerves  sub- 
servient to  voluntary  motion^  is  ooouminicatedto  the  mus- 
dea.  As  it  exists  in  the  nerves,  it  is  invisible  in  its  opem- 
tiona ;  but  when  comiBunifated  to  the  muscle,  its  eflects 
are  obvidus.  The  difier^t  parddes  of  the  musde,  enter 
iniD  a  more  intimate  union ;  it  oootraets,  tuid  its  tenacity  is 
increased  to  such  a  degree,  that  it  is  capable  of  suqiending 
weights  which  would  have  torn  it  asunder  when  separated 
fvoiB  the  body.  The  act  of  the  will  by  which  the  actioh 
haa  been  generated  in  the  muade,  can  be  suddenly  altered;, 
and  the  muscle  permitted  to  return  to  its  relaxed  state,  in 
the  absence  of  the  exdling  cause.  We  are,  howcmr,  i^;no*- 
rant  of  the  nature  of  the  ehange  in  the  condition  of  the 
muscle  eto  which  the  nave  has  thus  exerted  its  influence, 
and  we  are  equally  ignerantof  the  nature  of  that  influence^ 
or  its  mode  of  commumcatioB. 

e.  Iwv^bmiairy  Jlo^Mm.«-Besides  those  nerres  which  are 
eni{ripyed  in  srtisarioa  and  y#lition,  there  are  others  which 
aie  eoDcerned  in  the  pmkwtion  of  invohmimnf  moikni. 
These  are  distributed  to  the  various  organs  of  digestion, 
droulalioB,  aadreBpiration,  whose  contiiiued  functioRB  are 
neeessary  to  existcMe.  These  nerves  neither  conmHWUcaife 
to  us  distioet  senaatioM,  nor  act  immediatdy  uwder  the  in- 
fluence of  the  wiU.  When  the  parts,  however,  with  which 
they  aiie  connected,  become  inflamed,  they  then  ooranuni- 
sate  tDHSfaiafttl  sensations-;  and  when  the  will  is  thrawn 
into  violent  lustion,  correspcmding  motions  are  excited  in 
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thofle  nenres  iriuch,  id  ordinary  ca^  are  not*  under  its 
controuL  Substanees  irritating  the  musdes  to  which  these 
nerves  belong,  excite  them  to  action,  but  the  nerves  them- 
selves resist  the  stimulus  of  galvaiidsm  or  electridtj. 
'  Tliough  diey  do  not  communicate  these  sensations  to  the 
seoBorium,  they  appear  to  be»  in  some  degree,  excited  to  ac- 
tion by  the  contents  of  the  vessels  to  whidi  they  are  distri- 
buted. Thus,  the  blood  excites  the  nerves  of  ihe  heart, 
and  the  food  those  of  the  stomach  and  intestines.  These 
nerves,  in  their  turn,  act  upon  the  muscles  of  these  organs, 
and  enable  them  to  execute  the  requisite  movements. 

The  nerves  of  involuntary  motion,  diieAy  take  their  rise 
fifom  the  gangUiL  Hence  we  perceive  some  of  the  proper- 
ties of  these  medullary  knots,  in  the  dianges  whidi  they 
have  produced  on  the  nervous  filaments  in  thdr  passi^ 
through  them.  These  nerves  become  incapable,  in  ordi- 
nary cases,  of  conveying  sensations  to  the  brain,  or  of  exe- 
cuting  the  purposes  of  voliticm,  and  they  have  become  less 
capable  of  being  excited  to  action  by  the  eleetric  fluid.  But 
the  most  remaricaUe  change  consists  in  their  becoming  capa- 
ble of  continued  action  through  life,  withoutbeing  exhausted, 
or  exhibiting  any  sjrmptoms  of  fatigue.  These  circumstan- 
ces fiivour  the  supposition,  that  the  gang^  are  destined  to 
remove  the  nerves^  to  which  they  give  riae^  bi^ond  the  di- 
rect eontnml  of  the  will,  to  bestow  upon  them  new  ener- 
gies, and  to  fbnn  individual  systems,  capable  of  exerciaing, 
to  a  limited  extent,  independent  powers  *. 

But  although  the  nerves  appear  thus  to  ooeupy  different 
situations,  and  to  perfimn  different  functions,  they  are  con- 
nected, and  form  one  system,  in  which  Ae  diftrent  parts 

•  *  flee  ««  EtBays  on  the  use  of  the  Oangliotui  Df  the  Nerves,**  by  Javm 
JomMvs,  M.  D.  Phfl.  tnm.  1T64,  p.  IH,  ukI  176T,  p^  118,  o« 
1770^  p.  sa 
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are  more  or  km  intanately  relived.  This  eoimefstiaii  is 
very  oonspiciioiisly  displayed  in  those  actioiis  which  arise 
from  what  is  temied  «yiiiqnitty»  Thus,  an  injury  mi  the 
toe  wiU  sometimes  bciiig  on  lodc-jaw ;  certain  smells  will 
oecanon  HcknesB ;  terror  will  cause  the  heart  to  palpitate, 
die  chedL  to  turn  pale,  and  augment  the  secretions  c^  the 
intestines  and  Uadder.  The  s^t  of  a  good  meal  to  a 
hungry  man  mabfi  his  mtmih  wdier. 

This  intimate  connection  between  the  diflierent  parts  of 
the  nervous  system,  is  likewise  very  strikingly  displayed 
in  the  one  of  poisons.  Many  kinds  o(  poisGHious  substan- 
ces, when  api^ed  to  the  stomach,  speedily  bring  on  death, 
by  annihilating  the  energies  of  the  nerves  of  that  organ, 
and  indirectly  the  vitality  of  the  whole  nervous  system. 
The  removal  of  the  brdn  is  likewise  followed  by  the  loss 
of  power  in  the  nerves. 

But  this  intimate  conneetion,  between  the  difl^rent  parts 
of  the  nervous  system,  becomes  scarcely  perceptible  in  the 
lower  orders  of  animals.  Where  the  bulk  of  the  brain  is 
greatest  in  proportion  to  the  nerves  connected  with  it,  as  in 
man,  we  find  this  union  most  intimata  As  the  bulk  of  the 
brain  decreases  in  proportion  to  the  bulk  of  the  nerves,  the 
connection  ceasesto  be  soclose.  In  reptiles  and  fishes,  this 
is  so  conspicuously  displayed,  that  it  becomes  d^cult  to  in- 
doee  death.  The  brain,  or  die  sfnnal  marrow,  may  be  re- 
moved, and  yet  the  oth^  functions  of  Me  still  proceed  for 
a  oonfflderable  time.  Among  ^  moUusca,  an  equal  want 
of  sympathy  among  the  diflerent  parts,  is  well  known  to 
prevail.  As  we  descend  sdll  lower,  to  those  animals  in 
wfaidi^  the  nervous  system,  instead  of  appearing  in  the  form 
of  brain,  nerves  or  ganglia,  is  uniformly  diffused,  we  ob- 
serve scarcely  any  dependent  connection  between  the  dif- 
ferent parts.     When  portions  of  the  body  are  removed, 

VOL.  I.  L 
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they  wod  qnedily  repvoduoedf  and  the  dflftehed  fragmauls 
even  begb  «»  eDJoy  an  hidependcBUk  CTittence* 

The  power  of  the  nervous  a^iteai  to  npttr  die  iDjories 
it  reoeivti,  or  tttpfdy  die  lost  of  abslkiBtad  potiiniiii»  has 
been  aoinetunes  caU^  in  quertian  on  very  ininifliaafint 
.giounds.  Its  generation  at  the  oomnwnewaent  of  HSb^  is 
surely  more  surmising  than  its  {ffodnetion  at  an  aAarpaaod. 
Bat  the  subject  has  aarfiaied  a  diaiaoler  difaeat  ftom 
nereooDJectnie.  Thenunwoiisex|)«nmeiitsof  Spa&lan- 
aAHi  and  odwn,  to  prove  the  power  of  repsodnotion  in  the 
eold-bloodad  aaimals,  i»staWish  at  the  same  unie>  the  capa- 
bility of  the  nenrous  system,  in  these  animals,  to  repnxluee 
abstracted  parts.  But  this  power  is  not  confined  to  cold 
blooded  aninuds.  Aceoidiii^  to  the  experiments  of  Mr 
CauiCKSHAVKS  *  and  Dr  Ha»ohton  f ,  porticms  of  tke  ab- 
stracted nerves  of  a  dog  were  speedily  regmerated,  and  the 
nerve  restored  to  its  oidinaiy  fuDotion&  It  is  probable 
that  portions  of  nerves  mte  generated  and  destroyed  psrio- 
dieaHy  in  those  mmmating  quadrupeds  which  have  de- 
eidiKMis  horns. 

Are  we  to  conclude,  £rom  die  vie#  whicb  wp  have  now 
taken,  that  the  parts  of  the  nervous  t^pstam  at^  hoiaogeiisous, 
andaasDeptybleofacertmn  number  of  rfmilarfonotiona;  that 
the  apparently  functions  of  each  nerve  depend  on  the  ofgaa 
with  which  it  is  ootonected^— to  aooessary  circomstaness, 
and  not  to  the  nature  of  the  nerve  itself?  The  oppo«its  of 
all  this  appears  to  be  the  case.  The  nerves  whiobare  em- 
ployed in  sensation,  obviously  dUSer  in  their  mode  of  ac* 
tion,  fimn  those  employed  for  the  purposes  of  volitiony^avd 
hence  we  may  reasonably  conclude,  that  there  is  a  oenes- 
ponding  diSbrence  in  structure  and  eomposttion*  Tkt 
same  nerve  may  exccutg  both  functions ;  bnt  in  that  case, 

•  Phil.  Tranii.  1795,  p.  177,  f  !»*•  V-  ^^^ 
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A  fwhMy  coBeisU  oidiSttemt  filam^ls,  each  aeUng  thek 
peculiar  part  Thin  appears  to  be  demonstrated  in  thota 
caaaa  where  a  nerve,  upon  being,  cut,  has  afierwards  iwited, 
aiid»  while  capable  of  executing  the  action  ijf  yolition,  haa 
bftfif^iHy  unfit  tot  that  o£  sensatioa. 

It  would  be  to  no  purpose  to  enquire  into  the  nature  of 
that  action  which  ia  eauated  in  the  nerve,  ^ther  in  aeaaa* 
tioo  or  volition,  because  the  subject  ia  yet  in  obecurily, 
and  its  elucidatioh,  perhaps,  impracdcable.  The  rapdity 
with  which  the  functiiHis  of  the  nervous  system  are  exe* 
cotady  have  induced  some  to  oooader  its  action  as  per^ 
finmed  by  means  of  some  fluid  miilar  to  electricity, 
secreted  hy  the  medullary  matter,  and  restrained  by  the 
tunics  of  die  brain  and  ntfves.  All  this  may  be  true^  but 
it  ia  without  proof.  Others^  from  conteniplating  the  effects 
of  electricity,  on  the  parts  of  dead  animals,  have  eoachid- 
ed,  that  the  nervous  and  electrical  fluids  were  identical 
Theie  is,  however,  one  experiment,  easily  perfonned,  which 
proves  the  fisdlacy  of  tins  emduaioB.  The  nervous  eneigy 
is  suspended  or  destroyed  by  the  oompressioa  or  section  of 
the  nerve,  while  the  electrical  matter  is  not  arrested  in  its 
progress,  provided,  in  the  latter  case,  tlie  cut  ends  of  the 
nerve  are  brought  in  contact  *. 

The  effects  of  electricity  on  many  of  the  organs  concern- 
ed in  the  vital  funotioas,  in  exciting  them  to  action,  may, 
at  first  si^^t,  favour  the  supposition  of  its  identity.  Thus, 
the  actkmof  the  lui^gs,  heart,  and  stomadb,  may  be  coa- 
tinued  for  a  thort  tim^  after  the  natural  nervous  influenoe 
haa  been  remofved.  In  thesecases,  however,  althou^  ela> 
tridty  can  act  on  the  irritabiiity  of  the  muscles,  it  i&  proba- 
bly throii^gh  the  intervention  of  the  nervous  filaments,  and 
may  beocoasioned  by  exdtkig  the  hu^tishing  eneiyes  of  die 
iii|ured  nerves,  to  expend  the  remainder  of  their  sirjength- 

"  See  MoiiEo*!  Anatomy,  yoL  UL  p.  113. 
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Of  the  elementary  nature  of  this  exiting  power,  we  indecdl 
knew  nothing.  Physidogiflts  have  termed  it  a  aeeretioii  of 
the  nervous  system,  without  peiceiving  that,  in  the  maimer 
of  itsoperatkms,  it  is  essentially  different  from  any  other 
secretion  in  the  system.  That  it  results  from  orgimicotioB, 
is  dififMroved  by  the  ph«Mmi«ia  of  death ;  that  it  is  of  an 
ekctncol  or  magnetical  nature,  is  con^adicted  by  the  totalis 
ty  of  its  phenomena. 

Having  thus  examined  the  structure  of  the  nervous  i^s- 
tem,  and  attended  to  its  functions  of  sensatimi  and  v<di. 
turn,— 4et  us^now  take  a  view  of  the  mind.  The  intimate 
connection  which  subsists  between  this  mysterious  put  of 
the  animal  frame  and  the  nervous  system,  points  out  this 
place  as  the  most  suitable  for  the  investigation  of  the  frfieno- 
mena  which  it  exhibits.  But,  in  order  to  give  to  this  subject 
the  requisite  illustration,  it  is  n^raessary  to  examine  more 
particularly,  the  nature  of  our  different  sensations,  the  or- 
gans empk>y  ed  in  their  production,  and  the  kind  of  inibrmar 
tionvwhich  they  convey  to  the  mind,  with  regard  to  the 
properties  of  external  objects. 

CHAP.  X. 

OEGANS  OF  PERCSPTION. 

Ik  the  numerous  references  which  we  have  hitherto  made  . 
to  the  faculty  of  Sensation,  as  a  display  of  the  operation  c^ 
the  narvous  system,  we  have  considered  it  as  indicating 
merely  the  presence  of  bodies,  and  as  giving  no  informatioB 
respecting  their  character.  If  we  attend  UKire  minutriy  to 
this  faculty,  we  shall  find,  that  all  the  sentttive  parts  of  the 
body,  are  not  equally  capable  of  warning  usof  the  prea^ioe 
of  the  same  kind  of  objects.  The  rays  of  light  make  noim* 
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pressioii  upon  the  tongue  or  the  fingers,  indicating  their  pre- 
sence, while  they  act  with  energy  on  the  eye.  The  Vibra- 
tions of  the  air  make  no  impresBion  on  the  eye,  the  mouth, 
or  the  nose,  wUle  they  -instantly  act  upon  the  ear.  Sensa- 
tion, therefore,  is  a  generic  term,  intimating  the  capability 
of  the  nenrous  system  to  receive  impressions  of  exter* 
nal  objects;  and  it  includes  as  many  species  as  there  are 
impressions  calculated  to  act  on  one  organ,  and  not  upon 
another,  distinguished  by  .this  common  property,  .that  they 
intimate  the  presenee  of  objects. 

The  number  of  impressions  which  may  he  regarded  as 
distinct  species,  is  more  eKtensive  than  is  generally  imagin- 
ed, and  would  justify  us  in  conadering  the  term  Sensation 
as  the  ind^i  of  an  order  or  dass,  rather  than  of  a  subordi- 
nate division.  Philosophers,  howe%'er,  have  agreed  to  re- 
duce our  soisations  to  five  kinds,  namdly,' those  of  Touch, 
Si^t,  Hearing,  Taste,  and  Smell,  to  which  I  have  ventured 
to  add  Hetft. 

When  an  impresdcmisproducedonany  oneof  these  senses, 
there  is  an  intimaticm  given  to  the  mind,  of  the  presence  of  an 
object  with  which  that  sense  is  mcnne  immediately  connected. 
Thus,  the  sense  at  touch  warns  us  of  the  contact  of  a  body 
with  our  skin.  Taste,  smell,  hearing,  sight,  and  heat,  of  the 
presence  of  sapid,  odorous,  s(»orous,  luminous,  and  calorific 
bodies.  The  first  impression  of  an  object  on  the  senses,  con- 
veys,  therefore,  little  information,  except  that  of  presence  or 
existence ;  and  if  the  body  produdng  the  impression,  be 
speedily  withdrawn  from  tlie  excited  organ,  our  notions  of  its 
character  will  be  very  imperfect  But,  if  the  object  conti- 
nues to  act  upon  our^sense,  we  begin  to  analyse  the  impres- 
sion.  By  comparing  it  with  some  former  impresrion,  we  dis- 
cover the  extent  of  resemblance  or  diversity ;  and,  by  vary- 
ing the  condition  of  the  object,  or  the  sense  directed  to  it,  we 
attempt  to  discover  the  circumstances,  which  give  to  the  im- 
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presskm  its  oommoii  or  pemliar  diarador.  Our  knowlei^e 
of  objects,  therefore,  in  referenoe  toany  pulicuUur  sense,  wBI 
be  in  proportion  to  the  mnnber  of  impresnons,  ooDtiniied  a 
soflldent  length  of  tinie,  whidi  have  been  made  upon  that 
sense.  In  early  Bfe,  we  cannot  analyse  an  impression,  with 
any  degree  of  accuracy,  because  we  have  few  ibmer  ones 
with  wluch  to  compare  it  As  we  advance  in  life,  our  im- 
presnons increase  in  number,  and  consequently,  our  cspabi- 
iity  of  analysing  any  one  of  them.  In  youth,  we  know  but 
fewof  the  relations  of  an  impresnon;  and,  after  a  rapid  and 
superficial  examination,  we  turn  away  to  a  new  object  In 
more  advanced  life,  we  can  trace,  in  any  impression,  a  much 
greater  variety  of  rdations  to  other  impressions,  and  in  do- 
ing this,  we  occupy  much  longer  time  in  its  exanunation. 
To  this  circumstance,  we  are  disposed  to  refer  the  fickleness 
of  dnMren.  When  a  new  object  is  presented  to  them,  th^ 
kae  much  gratified ;  but  as  they  can  speedily  trace  its  more 
obvious  relations  to  all  their  former  superfidal  imfvesmns, 
it  spee£ly  loses  its  interest  If  these  observations  be  oor- 
lect,  we  never  could  acquire  an  accurate  knowledge  of  a 
solitary  impression  produced  on  any  one  of  the  senses;  all 
our  aocuraqT)  on  this  subject,  being  the  result  of  comparison. 
When  the  senses  are  thus  employed)  in  investigating  the 
BBture  of  inqxesnons,— 4lie  objects  which  produce  them» 
and  the  circumstances  by  which  they  are  modified,  they 
then  become,  what  die  leaders  in  the  science  of  Mind  have 
been  {deased  to  denominate — obgaks  of  pkkcxptiovs. 
The  knowledge  we  acquire  of  the  rdations  of  an  impres- 
sion, is  usually  termed  idea,  sometimes  percq^Hon.  The 
last  phrase,  however,  is  frequently  used  indiscriminaidy,  to 
d«iote  the  presence  of  the  imprestton,*^die  attempt  to  ana- 
lyse its  eharacter^— <yr  the  knowledge  which  results  from  tile 
jps^mination.     We  are  dispoGec)  to  use  Sensation  to  express 
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the  first  of  these  meanings,  and  Idea  the  last,  and  could  we 
suooeed  m  restricting  Perception,  to  express  the  inclination, 
to  examine,  and  the  means  which  we  employ,  no  inconsider- 
Me  portion  of  ambiguity  would  be  removed  from  the  state- 
ments of  moral  sdenoe. 

In  giving  a  general  view  of  these  organs  of  Perception, 
we  flhall  offer  a  few  remarks  on  their  structure,  mode  (rf*  act- 
ing, and  the  kind  of  Information  each  is  calculated  to  con- 
vey to  the  mind. 

1.  Sense  of  Touch. 

The  xNTgan  of  Touch  is  widely  distributed  over  the  sur- 
fiMse  of  the  body.  In  the  higher  dasses  of  animals,  asqua^ 
drupeds,  Inrds,  and  reptiles,  it  is  supposed  to  be  seated  in 
the  villous  surlaoe  of  the  skin,  where  the  cutaneous  nerves 
terminate.  In  those  places  of  this  part  of  the  oorium, 
where  the  greatest  mequalities  prevail,  the  sense  of  touch 
ia  observed  to  be  most  acute. 

In  many  animals,  there  are  parts  of  the  skin  to  which  no 
nerves  are  distributed,  as  the  hair,  feathers,  and  hmns, 
which,  in  oohsequence,  are  termed  insensible.  In  such 
ammals,  the  organs  of  touch  are  limited  in  thdr  extent 
But  even  in  diose  whose  skin  possesses  few  of  these  insensi- 
bk  ai^pendices,  there  are  particular  partsof  the  bod^  where 
the  skin  is  more  sensible  to  the  impressions  of  external  ob- 
jects, than  in  other  parts ;  and  where  the  sense  of  touch  is 
considered  more  particularly  as  reading.  Thus,  in  Man, 
the. band  and  foot  convey  to  us  the  most  accurate  informa- 
tion connected  with  the  sense  of  touch.  The  lips  and 
tongue  are  likewise  employed  for  a  similar  purpose.  Among 
Quadrupeds,  the  monkeys.have  their  sense  of  touch,  in  many 
respects  similar  to  that  of  man ;  in  others,  it  is  seated  in 
thnr  lips,  snout,  or  proboscis.  In  Birds,  whose  bodies  are 
covered,  to  ^  great  extent,  with  feathers,  the  sense  of  touch 
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must  be  ooofined  to  the  feet  and  head.  We  Bcoatdiuf^y 
find,  that  the  villous  surfisu^e  of  the  skin  is  Tery  oonqfMCU- 
ous  in  the  soles  of  the  feet,  particularly  of  rapadoua  birds^ 
which  use  their  toes  for  seizing  their  prey.  In  those  Unk 
with  long  bills,  as  snipes  and  woodcocks,  which  seardi  fat 
food  among  mud,  the  extremities  of  the  mandibles  are  usu- 
ally of  a  softer  texture  than  the  base,  and  evidently  appear 
to  possess  an  exquisite  degree  of  sennbility. 

But,  even  in  those  animals  whose  skin  u  conadered  as 
destitute  of  a  villous  surface,  the  presence  of  the  sense  of 
touch  may  be  distinctly  ascertained.  In  Fishes,  the  surface 
is  covered  with  insensible  scales;  yet  the  contact  of  an  ob- 
ject  with  the  body  is  readily  fdt.  About  the  mouth  and 
head,  however,  of  many  species,  there  are  places  destitute  of 
scales,  usually  more  or  less  raised  above  the  surface,  which 
are  usuaUy  conmdered  as  subservient  to  the  purposes  of 
touch,  although  the  evidence  of  their  utility  in  this  respect 
is  far  from  satisfactory.  These  are  soft  in  their  texture^ 
pliable,  and  capable  of  various  motions.  They  obtain  diff'e- 
nent  names,  according  to  their  atuation.  When  placed  upon 
the  lips,  they  are  termed  ctrrAt,  on  the  head  tentaculoy  and 
on  other  parts  of  the  hodyjingers.  In  the  Mdlusca,  the 
sense  oftouch  more  particularly  resides  in  the  tentacula.  We 
may  observe  the  application  of  these  organs  to  the  examina- 
ti(m  of  the  surface  of  bodies  in  the  common  slug.  Among 
Insects,  the  antenme,  or  Jeders^  as  they  are  termed,  are  or- 
gans  of  touch,  possessing,  in  some  spedes,  very  great  sen- 
sibility. Even  among  the  Zoophytes,  the  araise  of  touch  is 
present  By  means  of  the  drrhi  which  surround  thdr 
moAitli,  they  are  warned  of  the  presence  of  their  i»«y. 

In  the  examination  of  the  appeai^ance  of  the  sense  of  toudi 
in  the  imperfect  animals,  it  is  difficult  to  ascertain,  whether, 
the  information  obtained  by  these  cirrhi  is  confined  to  sen* . 
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satioD,  (or  a  knowledge  of  the  pretteoce  erf*  objects),  or  if  it 
iadudes,  likewise,  intimatiiMis  of  their  qualities. 

In  Older  to  excite  to  action  the  oigans  of  touch,  it  is 
necessary  that  the  body  which  communicates  the  impres- 
«oD,  he  brought  into  coniaci  with  them ;  and,  in  general, 
the  more  ckise  and  intimate  the  contact,  the  more  correct 
is  our  inlormatioo  with  regard  to  those  qualities  which  it 
poflsesses,  and  which  it  is  the  business  c£  touch  to  ezambe. 
Pressure  appears  to  excite  the  nervous  action  of  the  oigan, 
and  when  removed,  that  action  ceeses;  It  is  obvious,  there- 
fore, that  the  perfection  of  any  part,  as  an  organ  of  touch, 
will  dq)end,  not  only  on  its  sensibility,  but  its  plialnlity,  or 
power  of  applying  itself  to  the  unequal  surfaces  of  bodies, 
and  to  its  extent,  to  enable  it  to  touch  a  large  surface  at 
once. 

The  information  communicated  to  the  mind  by  the  me- 
dium of  touch,  is  more  varied  and  extensive  than  that 
which  is  obtained  by  the  aid  of  the  other  senses.  It  makes 
us  acquainted  with  the  dimermons  of  bodie8,--^their,/&rffi, 
whether  round  or  angular, — the  condition  of  their  surface^ 
whether  rough  or  smooth, — their  structure^  whether  hard 
or  soft,  fluid  or  wlid, — their  conneciionj  whether  moveable 
or  immoveable, — xhm  gravUyy  whether  heavy  or  light, — 
and  their  situation^  whether  nesr  or  distant 

These  qualities,  some  of  which  are  primary,  and  others 
sepondary,  are  ascertained,  by  the  organ  of  touch,  in  so  cor- 
rect a  manner,  that  we  are  scarcely  ever  deceived  with  the 
*  knowled^  thus  acquired. 

The  accuracy  of  this  sense  is  much  improved  by  habit, 

and,  in  certain  cases,  where  the  other  senses  have  been  in- 

.  jured,  as  sight,  this  has  acquired  so  great  a  degree  c^  sen- 

•  aibili^,  as,  in  a  great  measure,  to  supply  their  loss.    Thus, 

blind  men  are  able  to  perceive  their  approach  to  a  wail,  by 
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effects  produced  on  their  akin  by  the  air.  These  may  ari«e 
fiom  the  resistance  of  that  fluid*  or  other  causes  with  which 
we  are  but  imperfectly  acquainted.  Bats  appear  to  poaseas 
this  exquisite  senslnlity  of  touch,  independent  of  habit  or 
experience.  Spallawsani  has  observed  these  animals, 
even  after  their  eyes  had  be^  destroyed,  and  ears  and  nos- 
trils shut  up,  fly  through  intricate  passages  without  strik- 
ing against  the  walls,  and  dexterously  avoid  cords  and  lines 
fdaced  in  their  way.  The  expanded  membrane  of  their 
wings  is  probably  the  organ  which,  in  such  cases,  receives 
the  impressions  produced  by  a  change  in  the  resistance,  mo- 
tion, or  perhaps  temperature  of  the  air.  The  susceptibility 
of  being  acted  upon  by  these  agents,  whidb  exercise  a  feeble 
influence  over  us,  is  a  condition  natural  to  these  animals, 
and  necessary  to  enable  them  to  find  their  way  in  the  dark 
caverns  in  which  they  dwell.  It  cannot  therefore  be  re- 
garded as  one  of  those  resources  employed  in  time  of  need, 
in/  the  case  of  bats,  although  it  appears  to  be  such  in 
Mind  people.  Man  naturally  moves  but  little  in  the  dark, 
80  that  he  doeSsnot  require  such  susceptibility.  It  is,  how- 
ever, fortunate  that  his  body  is  susceptible  of  acquiring  it 
in  the  time  of  need. 

The  sense  of  touch  appears,  in  man,  to  be  able  to  obtain 
nearly  all  the  information,  with  regard  to  external  oljects, 
which  it  is  capable  of  receiving.  In  a  few  instances,  the 
lower  animals  surpass  us  in  the  delicacy  of  this  sense,  as  the 
bat,  whidi  is  warned,  indirectly,  by  its  aid,  of  the  presence 
of  bodies,  previous  to  coming  in  contact  with  them.  The 
feelers  of  insects  are  likewise  better  adapted  for  exploring 
the  condition  of  the  surface  of  bodies,  than  any  organ 
which  we  possess.  But,  in  ail  these  cases,  the  sensnbility  of 
touch  is  limited  to  particular  qualities,  or  confined  within 
liarrow  bounds.    The  human  liand,  on  the  contrary,  by  its 
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molioDs,  the  pliability  and  fltvength  of^he  fingers,  and  the 
aoftncfls  of  the  sur&oe,  is  the  mdet  extemve  and  perfeet 
orgaa  of  touch  poooooood  by  «nj  ammal. 

11.  Sense  of  Hsat. 

The  sense  of  toudi  is  exclunvely  occupied  with  die  ex- 
amination of  the  conditions  of  resbtanoe.  Contact,  there- 
fore,  is  indispensably  requimte  for  enabling  the  organ  to  act 
upon  the  object,  and  muscular  exertion,  toexamine  its  con- 
^lacm.  Neither  of  these  are  necessary  to  enable  the  sense 
Off  heat  to  act.  Calcmfic  rays  emanate  from  a  heated  body, 
though  at  a  distance,  and,  in  order  to  ascertain  their  direo- 
tioii  and  intensity,  no  ntuseobo'  effort  is  required.  When 
the  heated  body  happens  to  be  m  contact  with  us,  we  in 
like  manner  examine  its  conditions,  in  reference  to  tem- 
perature, without  any  rauscuhur  exactions,  or  rather,  we 
try  to  ovoid  them.  Thus,  when  Ilay  my  hand  upon  the 
table,  to  examine  its  hardness  or  smoothness,  I  make  an 
obvious  muscuhur  eflbrt  with  my  fingers;  but  when  I  lay 
my  hand  on  the  table  to  exannne  its  temperature,  I  endea- 
vour to  check  all  motion,  so  as  to  keep  my  hand  in  the 
same  pontion. 

These  qualities  of  the  sense  of  heat,  sufficiently  distin- 
giush  it  from  that  of  touch,  with  which  it  has  been  con- 
founded, and  justify  its  establishment  as  a  Astinct  power 
of  perception. 

The  oigan  of  heat,  like  that  of  touch,  is  seated  in  the 
skin,  and  appears  to  be  oo-extensive  with  those  portions  of 
it  where  the  cuticle  is  thin  and  destitute  of  appendices. 

By  means  of  the  sense  of  heat,  we  are  enabled  to  judge 
of  the  retative  quantity  of  caloric  in  our  own  bodies  and  in 
surrounding  objects.  When  no  sensation  is  produced,  we 
conclude,  that  our  body,  and  the  object  with  frfiidi  it  is 
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compared,  have  tl#  mme  temperatuie.  When  a  sensa- 
UoD  18  felt,  it  arifles  from  the  differ^Kse  of  temperature,  and 
the  changes  wUch  the  caikxrieiBexperienciiii^to  bring  about 
an  equilibrium.  When  the  body  feels  cold,  the  caloric  is 
passing  out  of  it  into  the  neighbouring  object ;  when  the 
body  faek  warm,  it  is  laeoeiving  heat.  As  the  body  is 
thus  -oonstandy  ^ther  giving  or  reooving  heat,  in  eon- 
saquenoe  of  being  surrounded  with  a  variety  of  objects, 
changeaUe  in  thor  temperature,  the  information  which 
it  can  communicate  to  the  mind,  in  reference  to  its  own 
temperature,  or  that  of  other  bodies,  is  merely  relative. 
Tbus,  an  object  which  would  feel  warm  to  the  body  in  one 
state,  would  feel  cold  in  another.  But  though  the  infor- 
mation communicated  to  the  mind  by  this  sense,  be  not 
equally  accurate  with  the  indications  of  the  thermometer, 
it  exercises  a  powerful  influence  over  our  vdition,  and  is 
intimately  connected  with  our  comfort  It  gives  warning 
of  die  approach  or  retreat  of  certain  objects,  when  no  other 
sense  could  have  indicated  their  presence  or  change.  It  is 
a  faculty  omimon  to  all  animals. 

III.  S£NSE  OF  Sight. 

The  organ  of  Sight,  or  the  Eye,  exhibits,  in  the  diffe- 
rent classes  of  animals,  so  many  modifications  of  form  and 
structure,  that  it  is  difficult  to  assign  to  each  partita  pEYK 
per  function,  and  to  form  a  just  estimate  of  the  sensations 
which,  under  different  circumstances,  may  be  excited,  or 
the  ideas  which  anay  be  commumcated  to  the  mind. 

!•  Stb»uc7ureof  the  Eye.  ^ Among  all  the  Vertebral 
Animals,  including  Man,  there  is  a  considerable  resemblance 
between  their  organs  of  sight  Hence  a  very  general 
description  of  t]ieir  structure  will  suffice,  to  enable  us  to 
comprehend  their  peculiar  functions,  and  to  estimate  the 
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relative  nnportanee  of  the  same  organs,  as  they  appear  ia 
be  modified  in  tke  inferior  tribes. 

(!•)  Coais  qfihe  £ye.-— There  are  two  ooats  which  may 
be  ooofiidered  astxinstituling  the  integuments  of  the  Eye, 
and  wkhin  wMcb,  the  other  essential  parts  are  contianed. 
These  are,  in  the  fimn  of  two  cups,  applied  to  each  other 
at  the  margins,  and  hence  the  r^ e^Mdl  approaches  a  globu- 
lar foran.  The  cup,  which  i»atuated  with  itt  convexity  in- 
wards, i»  termed  the  Sdgro0ic  coat.  Itb  texture  is  eellular^ 
and  is  composed  of  filaments,  which  are  interwoven  in  every 
direction.  It  possesses  eonsMeraUe  opacity,  tenacity)  and 
flexibility.  It  determines  the  shape  of  the  eye.  Henee, 
in  those  ftnmftW  whose  eye^balls  are  more  or  less  depres* 
sed,  the  sclerotie  coat  acquires  a  proportional  d^^ree  of 
straigth,  to  enable  it  to  refiiin  its  fixrm.  In  Inrds,  for  ex- 
ample, its  anterior  part  is  divided  into  two  plates,  between 
which,  a  circle  of  thin  hard  bones  is  interposed. 

The  sdeiotic  coat  is  perfiDrated  poateriorly^  fer  the  pas- 
sage of  the  optic  nerve.  By  some^  it  is  eonsidered  as  a 
oontiBuation  of  the  dura  mater,  forming  a  dieath  fix*  the 
protection  of  the  nerve,  and  afterwards  expanding  to  snp- 
port  its  terminal  enlargement,  denominated  the  Retina.  On 
its  internal  surface,  a  thin  blackish  membrane  adheres,  which 
haabeen  confideeed  as  a  pidongation  of  the  pia  mater. 

The  sdetotic  coat  not  oaly  ]»eserves  the  form  of  the 
eye^  but  furnishes  a  firm  sujqport  for  the  insertion  of  the 
musdes  destined  to  regulate  its  motions.  It  is  supplied 
with  few  bloodvessels,  and  possesses  little  semsfaili^. 

The  sclerotic  coat  protects  the  posterior  part  of  the  eye, 
but  it  is  wanting  on  die  anterior  surface.  Its  place,  how- 
ever,  is  siqpplied  by  anocfacr  miembiane,  termed  the  Comeay 
whiefa  may  be  cmnpared  to  the  glass  of  a  watch,  the  case 
resembling  the  sclerotic  coat. 

The  Qamea  b  composed  of  thin  concentric  plates,  unit- 
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edu^getherby  aoon^itel  ceUdarsubttaaoe*  It  m  thirirf  ii 
in  the  middle,  beoomiog  Uumer  towaids  fke  edges,  what 
it  unilM  with  the  sdnotic  ooat  The  Hue  of  Jmietioa  ex- 
hibtts  ooQttderable  difEerenoeB.  In  mm^  the  edges  are  be- 
vdkd,  and  the  coniea  aBdea  under  the  aderoiic  ooat.  In 
the  have^  the  flclerodc  ooat  divides  at  the  edges,  and  endsm- 
oesy  like  a  fisitseps,  the  raaiKin  of  the  oonea*  In  the 
whale,  the  fifaaes  of  the  sderolio  ooat  pass  into  the  sub* 
stanee  of  the  oornaa,  in  the  form  of  very  ddieate  lAste 

The  oomea  b  transpareiit  It  posssosgn  few,  if  any, 
bloodves0ek<»  nerves.  It  is,  however,  poionB,  and mdify 
admits  the  escape  of  the  aqueous  humour,  as  appears  l^ 
the  eje  speedify  besoming  flat  after  death* 

In  insects,  this  membrane  is  hardand  scaiy^and  H^ppiiuj 
the  pbee  of  the  orystslline  humour ;  while  in  the  eutde- 
fish  it  is  regsfded  as  abaent 

These  two  cDstB  vmy  be  considered  as  foranng  the  case 
of  the  eye  Theie  are  other  membsanas  on  their  oedtral  as- 
pect»  which  are  usmdly  clnssed  along  with  them,  wUch  we 
shall  now  consider. 

Immediateljr  within  the  sderoliea,  is  the  CfaanMbi^  a  thin 
delicate  meaodbrane  of  a  vnsonbr  atruetive.  It  hwa  the 
concave  surface  of  the  soleffoie  eoat^  with  whisb  itisoan- 
nected  by  ceHnbw  tissue^  and  by  the  Jterveanad  blood- 
vesedb  irilieh  teradnala  in  ita  substinae.  On  its  ooneaxre 
suHaee^  its  sabetanoe  is  oompaet  and  unifonn  in  its  teaotnse, 
and  has  bMi  legsrdad  m  a  |iSKticuhur  infiaaiH',  end 
termed  Mewibrema  Bm^ManeL . 

Towards  the  anteritar  part  of  the  scisaolia  osnt,  near  its 
taoninatidn,  the  chomidte  is  seere  intinaldy  mated  trich 
it,  by  means  of  a  dfcidar  band  of  dewse  esMidar  substance, 
moistened  by  a  whitish  mucus^  termed  the  Ciliary  liga- 
ment.    From  this  band,  numcsous  processes  tfise,  iidiich 
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fiKi}e^  into  the  cavi^  of  ibe  €}^bfdt,  and  form  a  lm>ad 
radialed  mg.    Theie  ptojecting  laminae  are  termed  CiU- 

AAer  tanakog  the  oliary  ligament,  the  duxroides  still 
procceda  along  the  ooncave  surface  of  the  sclerotica,  and 
{MDraliet  with  it,  until  its  junction  with  the  cornea,  when  it 
forms  anctther  progeetion  into  the  cavily  of  the  eye-ball, 
termed  the  Uvet^.  It  is  here  continuous,  and  consututes 
an  annular  veil^  perfofaited  in  the  centre.  Its  antaricnr  sur- 
face IB  covered,  attd  intimately  connected,  with  a  membrane 
of  a  spongy,  fibvous  texture.  This  membrane  is  Usm* 
ed  the  /m,  and  is  well  known  as  the  seat  of  the  colour  of 
the  €sye«  It  is  sensible  to  the  impressions  of  lig^t,  and  readily 
expands  or  contracts^  aoeording  to  dccumstanoes ;  thus, 
enlarging  or  diaainishing  the  siae  of  the  central  pedbniion; 
The  central  aperture  is  termed  the  Pupil,  and  Taries  great- 
ly  in  its  diaaenaons  and  forms  indifferent  awhnals. 

On  the  central  sntfiwe  of  the  chocoides,  indudingdie  ci*- 
liary  proeeans  and  uvea,  there  is  a  slight  viUodty,  to  whieh 
there  aifiieiea  a  muooua  pi^ent  This  is  usually  dark 
oobured,  and  termed  the  PignmUma  mgrum^  but,  in 
some  cases,  it  is  lig^t  oobured  approaching  to  wUte.  This 
pigment  is  insohiMe  in  water,  but  sohible  in  alkalies  and 
the  atrongcar  acidsL  Lmoroiin  G]iEt»iiv  confiaders  that  it 
approadies  the  nature  of  indign.  On  the  temporal  aide  of 
the.battemof  ih^  cavity  of  the  eye,  there  b  a  small  space 
deadtutocCtUa'^gmenft,  thraai|^  whieh  the  cokmvs  of  die 
,  membtana  BnyatUana  appear.  This  spot  is  tenned  the 
Tapeimfiy  and  is  pecufiar  to  quadrupeds. 

(JL)  HumauTB  of  (he  J^«-«*The  cavity  of  the  eye,  form- 
ed by  the  ooata  iriuck  have  been  described,  contains  Iluii&i 
cBCning  in  ooonalency,  foem,  and  situation.  They  are  di» 
^ded  into  three  kinds,  tenned  the  VUreom^  CfyHaBkUf 
ami  Aqueous  Hitmours* 
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The  VUreoM  Hwmur  occupies  the  posterior  and  late- 
ral parts  of  the  cavity.  It  is  eomrez  bdiind,  and  concave 
before.  It  is  invested  by  a  delicate  thin  transparent  mem* 
brane,  termed  the  Hyaloid.  At  its  anterior  surface,  it  may 
be  separated  into  two  laminse,  between  which,  air  may  be  in- 
troduced. This  is  the  bulhdar  canal  of  Pbtit.  The  in- 
terior  of  this  humour  is  divided  by  the  same  kind  of  mem- 
brane, into  numerous  odls.  These  are  fiUed  with  a  fluid, 
of  the  oonastence  of  the  wlttteof  ^an  egg,  which  does  not 
reaifily  e&cafe  from  them,  even  when  the  external  mem- 
brane is  punctured.  This  fluid  consists  chiefly  of  water, 
with  a  small  quantity  of  albumen  and  gelatine. 

The  CfyHaOme  Humoufr,  or  Lens,  as  it  is  frequently 
called,  occupies  the  centre  of  the  cavity  of  the  eye.  It 
is  douUy  convex,  its  posterior  side  resting  in  a  concavi- 
ty of  the  vitreous  humour.  It  is  enclosed  in  a  membranace^ 
ous  capsule,  wfaidi  is  soft  and  transparent,  and  with  wfaidi 
it  is-faut  loosdy  connected.  The  lens  itself  is  denser  at  the 
centK  than  towards  the  circumferenpeb  It  becomes  indurat- 
ed  by  boiling  and  by  alcc^l,  and  then  exhibits  its  peculiar 
structure.  It  consists  of  an  infinite,  number  of  concentric 
laminse,  formed  from  delicate  fibres  which  proceed  fixim 
two  centres,  eituated  at  the  two  extremities  of  the  axi& 
At  each  axis,  there  is  the  appearmoe  of  a  membrane  dia- 
posed  in  mys,  from  which  the  fibres  originate.  These 
rays  vary  in  number^  in  different  arimals,  from  two  to  five. 
The  rays  of  the  one  axis,  are  placed  opposite  the  intersti- 
oes  of  the  other.  The  matter  of  die  lens  coagulates  by 
boiling,  and  consists  of  wator  and  albuminous  matter,  with 
a  small  quantity  of  cdlular  substance. 

The  Aqaamu  Humowr  occupies  the  remaining  part  of 
the  cavity  of  the  eye,  in  front  of  the  crystalline.  It  is  di- 
vided by  the  iris  into  two  chambers.  The  anterior,  which  is 
the  largest,  occupies  the  space  between  that  membrane.and 


Digitized  by  CjOOQ IC 


ORGANS  OF  PERCEPTION.  177 

the  coniea ;  and  the  posterior,  between  the  uvea  and  cili- 
ary ligament,  which  is  very  smaU,  and  whose  existence  is 
even  denied  by  some.  The  aqueous  humour  agrees  with 
the  vitreous  in  chemical  compoation,  but  it  is  less  viscid.  It 
is  not  lodged  in  cells,  and  hence  it  readily  flows  out  when 
the  cornea  is  punctured  *. 

S.  Nerves  qf  the  £ye.— The  position  of  the  optic  thala* 
mi,  and  their  relation  to  the  cerebral  portion  of  the  brain, 
have  been  already  explained.  From  these  thalami,  the 
optic  nerves  take  their  rise.  They  are  two  in  number,  and 
in  some  animals,  the  nerve  which  proceeds  to  the  right  eye, 
originates  in  the  left  side,  and  the  nerve  of  the  left  eye  ori- 
ginates in  the  right  Each  nerve  is  divided,  internally, 
into  a  great  number  of  canals,  formed  by  the  neurilema, 
which  contain  the  meduUary  matter.  This  structure  is  dis- 
played when  the  medullary  mat;ter  is  removed  by  macera- 
tion, and  the  nerve  inflated  and  dried. 

The  optic  nerve  penetrates  the  sclerotica  and  the  cho- 
rend  coat,  and  becomes  expended  cm  the  concave  surface  of 
the  latter,  in  the  form  of  a  delicate  transparent  membrane, 
without,  however,  adhering  to  any  part  of  it  It  extends 
to  the  ciliary  ligament,  terminating  at  the  base  of  the  pro* 
ceases.  The  internal  surface,  next  the  vitreous  hiunour,  is 
of  a  firmer  consLstenoe  than  the  external,. contiguous  to  the 
chonndes,  as  it  contains  numerous  minute  bloodvessels.  In 
some  animals  these  surfaces  can  be  separated,  and  the 
dense  central  lamina  is  termed  the  Arachnoid. 

The  retina  is  perhaps  the  most  delicately  sensible  mem- 
brane of  the  animal  frame.  It  is  readily  affected  by  th^ 
rays  of  light,  which,  when  too  intense,  excite  very  pain- 
ful sensations. 

*  The  relative  position  of  the  different  parts  of  the  eje,  is  displayed 
meet  dMiictly  when  the  eye-baU  is  in  a  frozen  state* 

VOL.  I.  M 
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4.  Muscles  of  the  £^^.— In  the  vertebral  aI^ID«I9»  each 
eye  i&  placed  in  a  socket,  situated  in  the  bones  of  the  face^ 
and  termed  the  Orbit.  The  eye-ball  does  not  fiU  tUa  cavi- 
ty at  its  posterior  part,  but  the  remaining  space  is  occupied 
with  fat  or  gelatinous  matter.  The  ball  rests  upon  these, 
and  is  thus  able  to  move,  without  being  injured  by  frictiocu 
As  the  fat,  in  lean  and  old  animals,  is  in  a  great  measure 
absorbed,  the  eye  appears,  in  such  cases,  sunk  in  the  orbit. 
In  some  cases,  the  ball  of  the  eye  is  supported  on  a  foot- 
stalk,  which  enables  the  musclea  to  act  on  a  kmger  lever, 
and  admits  of  a  greater  extent  of  motion. 

The  muscles  by  which  the  eye  is  moved,  have  their  ori- 
gin in  the  walls  of  the  orbit,  and  their  insertion  in  the  scle- 
rotic coat  Tenifinous  fibres,  however,  pass  on  to  the  cor- 
nea, with  which  they  become  incorporated.  In  man,  the 
four  straight  muscles  of  the  eye  can  be  separated  from  the 
sclerotica,  and  the  external  layer  of  the  cornea  demonstraU 
od  to  be  a  continuation  of  their  tei^ons.  In  birds,  the 
same  connection  between  the  tendons. and  cornea  prevails^. 
The  muselei^  vary  in  number  in  differait  animals. 

5.  Glands  qf  /Ar  JE^f  .--^These  bodies  vary  in  form  and 
iiuipbw  in  the  different  classy  of  animals.  In  man,  they 
consist  of  three  kinds,  the  Lachrymal,  and  Meibomian,  and 
die  Caruncula  Lachrymalis« 

The  Lachrymal  gland  is  situated  between  the  ball  of  the 
eye  and  the  upper  areh  of  the  orbit,  a  httle  towards  the 
temples.  It  consists  of  a  number  of  small  whitish  granu- 
lar bodies  collected  together  into  lobes.  From  these  pro- 
ceed several  canals  which  descend  through  the  substance  of 
the  upper  eye-Kd,  and  open  on  its  internal  surface.  The 
fluid  which  is  secreted  is  the  Tears.  This  fluid,  accord- 
ing to  the  observations  of  Foubcroy  and  Vauquelin,  con- 

*  PhiL  Trans,  1795,  p.  IJL  and  263,  and  19:96,  p.  1. 
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flists  of  water,  mucus,  muriat  of  soda,  soda,  phosphat  of 
lime,  and  phosphat  of  soda.  Its  taste  is  perceptibly  saltish, 
although  the  saline  ingredients  do  not  exceed  a  hundredth 
part  of  the  whole  The  use  of  the  tears  is  to  lubricate  the 
sorfiuse  of  the  eye-ball,  and  protect  it  from  dust  and  the 
drying  induence  of  the  air.  They  are  not  secreted  in 
those  animak  which  live  in  water.  When  the  eye4ids 
close,  the  tears  are  pressed  towards  the  internal  angle  of 
the  eye,  from  irfience  they  are  conveyed  .to  the  nose  through 
the  ladirymal  sac.  The  opening  into  this  sac  is  either  by  a 
sinj^  fissure,  or  by  two  small  pores,  the  mouths  of  two 
canals  which  are  situated  at  the  nasdl  angle  of  the  eye,  and 
'  termed  punda  lachtymaUa. 

The  Meibomian  Glands  are  situated  in  the  substance  of 
both  eye-iids.  They  consist  of  small  fdlicles,  arranged  in 
vertical  lines,  terminating  in  small  round  holes  on  the  edge 
of  each  ^e4id.  The  albuminous  substance  which  they 
secvete,  covers  the  maif;ins  of  the  eye-lids,  and  while  it  pre- 
vents the  tears  ftom  flowing  out,  preserves  the  tarn  from 
adhering  to  each  other. 

The  Caruncula  Laehrymatii  is  ^tuated  at  the  inter- 
nal angle  of  the  eye-lids.  It  is  a  roundish  reddish  mass, 
aeereting  a  thick  whitish  humour,  which  is  supposed  to  pro- 
tect the  lachrymal  pores.  The  Harderian  gland,  which 
'occurs  nearly  in  a  similar  situation,  and  secretes  a  fluid 
8omew)iat  nmilar  in  its  properties,  although  not  found  in 
man,  is  observable  in  many  quadrupeds,  and  in  birds. 

&  CcMfi/Hgs  of  the  Ege.-^Th^  external  coverings  of 
the  eye  are  all  derived  from  the  common  integuments,  more 
or  less  akesred  in  their  texture.    They  may  be  regarded  as 
three  in  number,  and  described  under  the  names,  EyeJids, 
Nifldtotii^  MMibrane,  i^  CSonglunctiva. 

tile  l^^MSi  ^ben  present,  are  generaUy  two  in  num- 
ber, the»oiie -protecting  the  upper  half  of  the  eye,  and  term* 

2m 
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ed  the  Upper  eye-lid ;  the  other,  which  oovctb  the  inferier 
portion,  is  termed  the  Under  eye-lid.  Theae  meet  in  a  fine, 
which  usually  obsorvet  a  horizontal  direction.  The  maigins 
of  both  eye-lids  are  thickened  by  the  cells  of  the  m^bonian 
glands,  aad  rounded,  so  that  when  they  meet  on  the  cje- 
ball,  there  u  a  conduit  formed  for  the  tears  within.  The 
Toma^  as  the  margin  ia  termed,  is  still  farthor  strengthen- 
ed  for  supporting  a  row  of  hairs,  called  Cifia,.  or  eye-lashes. 
The  eye*lids  exhibit  oonaderable  difference  in  thar  mo- 
Uons.  In  some  animah,  both  eye-lids  are  cqpaUe  of  ap- 
proaching eash  other,  while  in  odiers,  only  one  qr^-lid  is 
able  to  move,  dther  the  under  riang  upwards  to  jein  its  an* 
tagonist,  or  the  upper  descending  fiw  die  same  purpose.  In 
one  fish,  (Tetraodon  mola  or  Sun-fish,)  the  qreJid  is  sing^, 
circular,  with  a  perforation  in  the  centre,  the  aperture  oon- 
tracting  or  enlarging  according  to  drcumstanoes. 

Tke^  NicMaiing  Membrane,  or  third  eye-lid,  as  it  is 
sometimescidled,  is  of  a  more  delicate  texture,  and  mne 
liberally  supplied  with  bloodvessels  than  die  eye-lids,  and 
b  eren  tranqxuent  in  some  animals.  In  many  animals  k 
is  angle,  situated  at  the  nasal  angle  of  the  eye,  within  the 
eye>lids,  or  on  the  intenoe  of  the  under  eyeJid.  In  otheta 
it  is  doubly  situated  at  each  comer  of  the  eye.  In  aciBe 
cases  it  is  destitute  of  motion,  while  in  others  it  b  capable 
of  covering  the  eye-ball,  by  extending  in  a  horiaontai  or 
vertical  diiectioo,  according  to  its  position. 

The  CimfuncHva  forms  a  permanent  and  eontmueus  eo^ 
▼ering  on  the  eye-bidl  itseUl  In  man,  it  adheres  so  closely 
to  the  cornea,  that  it  cannot  be  separated  unless  by  maoer. 
ation.  In  other  oases,  where  thoe  ara  no  eye£ds^  and 
where  the  skin  passes  direcdy-orer  the  eye,  the  adhesion  la 
Tery  slight  In  afanost  all  animals  the  eonjunctiTa  is  trass- 
panent  where  it  passes  over  the  coniea,  but  is  usually  thidk^ 
eiied  and  eobured  when  it  covers  the  sckrocic  coat»  fyntt- 
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log  what  b  called  the  Whiteof  the  eye.  In  some  animak, 
hofweirer,  (as  the  Myxine  glutfaiosa  of  Iiimu)  thk  menibrane 
18  80  thick  and  opake,  a8  it  passes  over  the  eye,  scarcdy 
differing  from  the  skin  on  the  rest  of  the  body,  mm  to  render 
the  eye  beneath  useless  as  an  oigan  of  nght 

As  connected  with  the-eye,  we  may  here  take^iotiee  of 
the  ejftJfrowi  or  supercilia.  These  form  a  -soreen  to  .pro* 
tect  the  eye  from  too  much  light,-— intercept  the  sweat  flow, 
iag  down  the  fovdiead,— -aad  .greatly  contribute  to  the  ex- 
presoon  of -the  countenance. 

The  obaervatbns  which  we  have  hitherto  made^  illustra- 
tive of  the  stEuctureof  the  oigans  of  vision,  relate  to  the 
more  perfect  animals.  Among  the  GasteropodousMoIhisca, 
the  eye  is  too  minute  to  admit  of  accurate  dissection.  It 
appears  as  a  black  qpot,  ocmvex,  liowever,  ou  the  surface, 
and  furnished  with  anerve&om  the  cerebral  portion  of  die 
teain.  Among  die  Annuloee  animak,  Mack  spots  are  observe 
cd  in  many  spedes,but  towhidino  nerves  have  been  traced; 
while  in  others  the  nervous  filaments  have  been  detected. 
Even  in  die  apparent  absence  of  the  nerves,  these  spots 
have  retained  the  name  of  Syes,  and  the  anabgy.oB  which 
their  daim  to  be  so  denominated  rests,  is  far  fcom  remote. 
Such  black  spots  in  the  annulose  animals  are  termed  simpk^ 
in  qiiposition  to  odier  organs  which  are  termed  compoumd 
•eyes.  The  suifioe  of  the  compound  eyes  is  convex,  andj^ 
idien  viewed  through  a  microscope,  appears  to  consist  of  a 
number  of  hexagonal  facets,  slighdy  convex,  forminga  hard 
elastic  membrane.  Each  fiuset  is  concave  internally,  but 
always  appearing  thicker  in  the  middle  than  at  the  edges. 
Bdiind  this  external  compound  plate,  which  may  be  ra- 
gsrded  as  a  cornea,  or  ^iggregadon  of  lenses,  there  is  a 
<jo8e  covering  df  an  opake  substance.  On  the  posterior 
part  of  this  last  substance,  there  is  a  fine  delicate  membrane 
of  a  Uack  colour,  having  bdiind  it  an  expansion  of  the 
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optic  nerve^  which  may  be  eoaaderedt  m  the  cobuiior  leCi* 
na.  NenroiiB  fiUynents  proceed  from  thw  seliiia^  peaeltn^ 
the  black  membruie)  which  has  been  Ti^anled  aft  die 
chorades^  a&d  proceed  to  the  concave  surface  of  eadi  fhoet;, 
between  which  the  opake  matter  only  is  interpoied.  We 
may  comider  the  redna  in  these  animals,  in  the  Hgfat  of  a 
ganglion,  and  the  inditiduai  filaments  as  the  separate  bran- 
ches of  the  retina. 

Some  of  the  annuloee  aiumals  hare  onl  j  these  compound 
eyes,  others  only  the  simple  ones,  whUe  many  species  are 
in  possesflicm  of  both  kinds. 

S.  FuKCTioMs  OF  THE  Evx.— We  come  now  to  consi- 
der  this  important  organ  in  action. 

Rays  of  light  emanate  fhim  luminous  bodies  in  all  direc- 
tions, and  the  eye  may  be  regarded  as  an  opdcal  instru- 
ment destined  to  act  on  these  rays,  and  produce  an  impres- 
sion on  the  retina,  indicative  of  their  colour,  intennty,  and 
direction. 

These  cones,  or  pencils  of  rays,  fidling  upon  the  convex 
and  transparent  cornea,  have  thar  direction  changed,  and 
are  made  to  converge.  The  efiect  is  increased  by  the  three 
humours  of  the  eye  through  which  the  rays  pass,  so  that 
they  meet  at  a  point  beyond  the  vitreous  humour,  wlndi, 
by  optidans,  is  termed  the  Focta.  Here  the  retina  is 
qpread  out  to  receive  the  impresrion,  and  to  communicate 
the  same  to  the  mind. 

No  object  is  virible  to  the  eye,  unless  the  angle  formed 
by  its  extreme  points  exceeds  thirty-four  seconds  of  a  d^ree. 
In  order  to  render  the  impression  distinct,  it  is  necessary 
that  all  the  rays  which  proceed  from  any  one  pcnnt  of  a 
body,  should  be  collected  in  one  point  of  the  retina,  and 
that  an  the  points  of  union  thus  formed,  should  be  disposed 
in  that  organ,  in  the  same  relative  pootion  as  in  the  body 
froBi  which  they  emanated.    For  the  accomplishment  of  this 
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purpcMe,  the  bumoun  of  the  eye  are  80  ^d^usted,  in  thdr 
fijrm,  deukf  and  lefriKStave  power,  aft  Co  prevent  any  dia- 
penum  or  deeonponlion  of  the  rays.  They  thusiMit  in^ 
andlar  manner  to  thecoaapounAotjectri^awe}  of  apacfawK 
matic  telescope* 

Aa  aninala  veride  in  different  media^  it  is  obvious  thflt 
the  eyes  of  each  must  possess  different  lefiractive  powers. 
In  the  bmd  animals  the  oornea  is  usual^  conv^c,.  and  the) 
aqueous  humour  abundant;  while j  in.  aquatic  animals 
the  former  is  flat,  and  the  kttfir  itt  small  quantity.  Iq. 
land  animals,  the  aquestts  humour  possesses  great  power 
of  refracting  rays,  passing'  to  it  throu^  air>  aided  IHce^riae' 
by  the  oonvexity  of  its  surfiiee.  But  its  refnctive  power  in 
water  would  be  eomparativdy  weak*  This  defect,  however^ 
issui^liedby  the  j^)herical&arm^«idgrea^r^EMOtive  power, 
of  the  lens,  as  may  be  seen  in  whales,  diVing^birds,  and  fishea 

When  we  look^the  image  of  an  objecit  in  the  focu# 
of  a  conveiat  lens,  or  in  that  of  the  :nateiial/eye*of  a.  re* 
cendy  daughtered  bullock,  prepEffed  by  ren^Qving  th^  ogfrt^ 
OR  its  posterior  side,  and  thrown,  upon  white  paper,  we  o|b» 
senre  a  picture  fiwmed,  but  in  a  revecsed  positionr-rthe  ray^, 
of  Hgbt-emanating  fiom  the  upper  part  of  <he  object  fiirm-^ 
ing  the  lower  part  of.  tlir  imager  imd  tboie  frchn  the  rigbl 
proceeding  to  the  left.  If  the  retina,  in  die  liimg  eye,  be 
conndered  aa  oocnpying:  the  place  of  the  white  paper  in 
^diese  experiments^  it  must:foUdw,  that.the  image  of  ailyt 
object  tfras  painted  on  the  retina  wiU  be  inverted*  Hop: 
comes  it  to  pass,  iharcfiire^  that  we  see  every  object  in  its 
natural  ujMnght  pontkn  ?  All  this  Aflicidty  origbales  m  a. 
nusoonoepdon  of  the  i|atnre  of  the  retina,  and  the  imprsa-? 
aona  wUcfa  it  leeeives.  There  is  no  wlute  screen  m  the: 
eye,  on  which  the^image  of  an  object  can  be  painted.-  The 
retina  is  translucent,  and  the  choroid  bdund  it  b  black. 
The  retina  is  not,  therefore,  acted  upon  by  the  reBected 
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rays  of  the  inverted  image,  as  our  eye  is,  when  looking  on 
the  picture  formed  on  the  white  paper,  but  by  die  direct 
rays  from  the  object  passing  through  its  substance.  We  do 
not,  therefore,  see  the  picture  of  the  object,  but  the  object 
itself.  And  as  we  see  the  object,  or  any  pArt  of  it,  in  the 
direction  of  those  rays  which  jMooeedfrcm  them,  waaA  whidi 
produce  the  sensation,  it  follows,  that  the  eye  really  sees 
objects  in  their  natural  and  relative  situation. 

It  is  well  known  that  the  eye  discerns  objects  placed  at 
different  distances.  As  the  rap  of  light,  which  readi  die 
eye  from  a  distant  object,  are  nearly  paralld,  they  will  ood- 
verge  into  a  focus  nearer  the  humours  than  those  rays 
which  proceed  from  near  objects  and  whidi  are  more  divetg- 
ent,  and,  consequently,  will  unite  in  a  focus  still  more  remote; 
In  order  to  obtain  distinct  vision  in  these  difierent  drcinn- 
stances,  either  the  retina  roust  recede  or  approach,  aocoifd- 
ing  to  the  focdi  distance ;  or,  if  we  suppose  the  retina  sta* 
tionary,  the  lens  must  move,  or  experience  a  change  in  its 
refractive  powers,  by  an  alteration  of  its  form  or  densi^ ; 
or,  in  viewing  near  objects,  those  rays  only  may  be  admit- 
ted  which  are  nearest  to  the  axis,  and  winch  are  oome- 
quendy  the  least  diver^ng.  But  physiologists  are  by  no 
means  agreed  in  their  opinion  of  the  means  employed  by 
nature  for  this  purpose. 

The  sclerotic  coat  is  connderedby  some  as  subservient  to' 
this  end.  They  suppose  that  the  muscles  compress  it,  and 
•that  the  humours  are  thus  pressed  forward,  to  encrease  the 
convexity  of  the  cornea,  and  enable  it  more  readily  to  ocm« 
wrge  the  rays.  But  while  the  aclerodc  coat  is  flexible  in 
man,  whose  eye  is  globular,  and  easily  retains  diat  form  by 
the  humours  pressing  equally  in  all  direcdons,  it  is  nearly 
inflexible  in  many  animals  whose  eyes  possess  this  adjust- 
ing power,  but  which  are  more  or  less  removed  from  iF 
sphmcal  form.    It  is  indeed  pretty  obvkms,  that  the  use 
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jof  the  sckrotic  ooat  is  to  preserve  the  form  of  the  eye,  to 
fumidi  points  of  iiuertion  or  attacfameiit,  for  the  musdes 
which  move  the  eje-ball^  and  to  support  the  delicate  mem.- 
brmes  which  line  its  central  sarface.'  At  the  same  time,  the 
action  of  the  straight  muscles  on  this  organ,  when  flexible, 
must  have  a  tendency  to  alter  the  form  of  the  contiMned 
humours,  and  in  this  manner  part  of  the  desired  efiect  may 

.    be  produced^ 

The  cornea  has  likewise  been  conadered  as  the  instru- 

'  ment,  by  which  the  eye  \&  able  to  exercise  the  power  of 
seeing  objects  at  different  distances.  This  effect  has  been 
supposed  to  take  place  by  the  elasticity  of  the  lamiitae  of 
the  cornea,  acted  upon  by  the  straight  muscles,  with  which 
it  Ls  «o  intimately  united.    But  the  efiect  produced  in  this 

*  maimer,  is  conadered  by  many  so  small  as  to  be  incapable 
of  accounting  for  the  display  of  the  power  we  are  now  con- 
ndeiing.  More  recently,  Mr  Cbaii ptok  has  demonstrat- 
ed the  existence  of  a  muscle  in  birds,  c^wble  of  changing 
the  toiaxk  of  the  cornea,  and  which  he  conaders  as  the  organ 
employed  to  alter  the  convexity  of  the  eye  ^. 

When  we  kwk  first  at  a  near  and  then  at  a  distant  ob- 
ject, or  the  reverse,  we  feel  that  a  muscular  effort  is  requif  • 
ed  for  the  adjustment  of  the  eye,  to  the  change' in  the  dis- 
tance of  the  object  to  which  it  is  directed.  This  exertion 
becomes  very  evident,  when  we  look  at  a  spot«on  one  of  the 
panes  of  glass  in  a  window,  and  then  look  through  the  glass 
in  the  direction  of  the  spot  to  some  distant  object,  as  a  tree 
or  bouse.  What  are  those  muscles  which  are  called  into 
exercise?  The  manner  in  which  the  effort  is  made,  leads 
irreastibly  to  the  belief,  that  the  straight  muscles  are  ex- 
cited to  action,  and  may  either  act  upon  the  sclerotica  or 
cornea,  accmrding  to  the  conditions  of  these  objects,  or  upon 
• « 

•  ijuMb  Of  Phihwophy,  u  p.  na 
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both)  and  thns  alter  the  tank  of  the  himoura*  or  change 
their  relative  potition  withvogaid  to  the  r^iiia. 

The  cryslaUiiie  laia  has  alao  beep  rcgaided  as  fwaaniMii^ 
the  power  of  changinigr  its  fonii,.  and  ^wrymg  the  local  dis^ 
taace  of  the  eye,  either  in  oonaaquenoe  of  the  action  c£  the 
ciliacy  processes,  or  of  «  change: in  thektomal  anwugemsBt 
of  its  parta  Its  sttucturet  as  ditflhf^  hf  Lsuwkvubk  % 
Young  f ,  and  others,  after  coagulation  by  heat  or  aloohol, 
is  considered  as  nuiscidar.  But  as  it  contaiiis  no  flifin, 
and  is  even  soluble  in  watar,  with  the  codbeptionrof  a  anall 
portion  of  extremdy  peUnoid  m^nbrane,  its  muscular  power 
is  denied  by  some.  Its  inereaaqg  deottty  towards  ha  oen* 
tre,  rather  indicates  a.asUiilar  atrueture,  jths.cells  beb^  fil- 
led, with  peUodd  matter  of:  different  ik|;reeB  of  conooDtra^ 
tjon.  It  may  be  added,  as  a  still  meora  .decisve  proof  that 
this  power  of  varying  the  focal  distance  is  not  seated  in  the 
crystaUine,  that  when  the  lens  is  ezttacted  in'the  < 
tenned  Ihe  Crystalline  Cataract,  the  limits  of  <liattniBt^ 
suffer  no  diminution. 

When  we  look  at  objects  within.the  linnta  of  distinct  vi- 
Mon,  the  ins  expands,  so  that  the  aporture  of  the  pupiLbe- 
comes  contracted.  In  this  manner  the  least  cbverging  imjs 
oidy  are  admitted,  and  dbtinct  visian  obtained. 

By  this  arrangement,  it  is  profaafale  that  the  eye  accam. 
modates  itself-  to  objects  at  dtferait  distances,  withm  the 
limits  of  iBstinct  visicm,  as  it  is  known  to  do  by  the  same 
means  in  reference  to  the  quantity  of  li^t 

The  evidence  in  favour  of  this  funetion  of  the  iris  iqp- 
pearstome  to  be  condusive.  The.  enlargement  and  con* 
traction  of  the  pupil,  are  confined,  indeed,  within  narrow 
limitfiy  but  so  is  the  extent  of  distinct  vision  within  the  or- 
dinary  limits.     There  is  a  partkular  range  ci  mimuk  m- 

*  Oper.  Om.  p.  7a  f  PhiL  Tnai.  1VS3,  p»  169. 
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specHimy  vitUn  irfiieh  the  pupil  eninges  and  oonlnots,  ac- 
cx>rdii^  to  cbcainafaiicffip  Widmi  this  naige  vukm  is  dfai^ 
dnct ;  beyond  it,  at  ekfacr  extremity,  it  is  obaeure.  When, 
however,  we  are  able  to  aanst  Ait  iris  by  any  ccmtrtvanoe, 
the  range  of  distinct  viskm  is  enhu^ged.  Thus,  in  reading 
a  book,  the  page  is  kept  at  least  «x  inches  fram  the  eye ; 
and  when  brought  mndi  nearervtheraysenCeripigtheeye  to 
form  the  image  of  the  letters  posssss  two  great  a  degree  of 
divetgeDoe,  and  vinon  is-  obscure.  When,  however,  we 
look  at  the  letters  thrmigfa  a  pin4iolein  paper,  heki  clese  to 
the  eye,  we  pvcvent  the  rays  of  greatest  diveigence  from 
entering  the  pupil,  admitting  only  those  which  ane  nearly 
paraHel^  and  the  resulting  image  is  so  distinct,  that  we  can 
read  print  brou^t  within  an  inch  and  a  half  of  the  eye. 
The  pin*hole  in  pqier  is  tberefiore  the  simplsi^  kind  of  micro- 
soopefbuttheeyeisfatigaedl^uangiti  When  ah  object, 
heyond  the  limitof  minute  vision,  is  viewed  through  a  smaU 
ler  apertmre  than  the  pupil,  amoreobaeure imiq^  isfcxmed 
than  when  the  eye  is  uncovered,  and  the  same  object  ceases 
to  be  visible  at  a  shorter  distance  *• 


*  The  ftDowing  ezpoiment  by  Mr  Duvolisov,  countenances  the  view 
takeo  atevet  ^  A  ponioii  of  the  newly  picpated  extract  of  Belladona,  fbr 
the  aike  of  czperiment,  «m  Innrted  betwean,  aad  applied  to  the  eyoJIda ;  in 
conaaqoeiice,  in  the  apace  of  about  twenty  minuteB^  the  pupil  waa  ao  moch 
dilated,  that  the  h-is  waa  afanost  totally  invinble.  Prom  the  time  the  papdl 
attained  to  three  times  its  natural  dimensions,  objects  presented  to  this  eye, 
with  the  other  dosed,  were  seen  as  through  a  dood  ;  and  as  it  proceeded  to 
the  point  of  extrane  dSatien,  tfala  eilhct  gradosDy  fncnaaed,  ao  that  minute 
and  near  oljacta,  aa  letter^pnai,  Ae^coaU  not  beat  aU  distiogniihed*  By 
meana  of  a  double  conrex  tens,  the  focus  of  this  eye  waa  lidnnd  to  be  at 
twice  the  distance  of  that  of  the  aonnd  eye;  the  iris,  however,  dilated  upon 
the  andden  admiasion  of  l^t  $  and  although  the  pupU  approached  by  al- 
aseat  tmpeicepUMe  de^ees  Ibr  six  days  to  its  natiiTal  slie,  yet,  at  the  end 
of  that  time,  it  was  dilated  to  twice  the  size  of  the  other ;  and,  in  propor- 
tion aa  the  contraction  took  place,  the  si(^t  became  more  distinct,  and  the 
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When  it  U  ocmadered  that  the  supporten  of  iheee  vari- 
ous opinioDS  have  diaoovered  ineachof  the  parts  of  the  eje 
which  have  been  referred  to,  a  proviflkm  for  enaUing  it  to 
see  distant  and  near  objects,  it  seems  not  unreasonable  to 
<XHiclude,  that  the  same  part  may  not  exercise  the  same 
function  in  all  animals,  but,  in  the  different  dasaes,  be  as. 
wted  or  superseded  by  those  with  whidi  it  is  comiected. 
It  is  likewise  probable,  that  the  neoesaly  of  this  power  of 
adjustment  may  not  exist  to  the  extent  whic^  has  been  sup- 
posed,  and  that  the  limits  of  distinct  vision  are  induded 
within  a  narrow  range.  The  human  eye  sees  olgects  most 
<listinctfy  at  the  distance  c£  ftom  six  to  ten  inches.  When 
these  are  removed  to«  greater  distance,  we  do  not  perceive 
so  dearly  the  shadesofcdour,  or  the  inequalities  of  the  sur- 
face, and  this  indistinctness  of  vision  increases  with  thedis- 
tance.  The  action  of  the  stnuf^t  muscles,  however,  serves 
in  some  degree  to  correct  the  defect  But,  in  looking  at 
distant  objects,  we  are  assisted  greatly  in  our  perceptions 
by  our  finmer  experioioe ;  so  that  it  may  often  happen 
that  the  praise  which  we  bestow  on  the  oghtAifaiess  of  the 
eye,  b  du^  to  the  readiness  of  the  recollection.  Microsco- 
pical inquiries  are  sddom  {nrosecuted  so  habitually  as  to 
furnish  the  same  aid  to  the  unassisted  -eye,  when  viewii^ 
objects  within  the  mnge  of  minute  vision. 

Some  physiologists  have  been  disposed  to  condude,  that 
the  formation  of  a  perfect  image  on  the  retina,  is  not  essen- 
tial to  distinct  vi^on;  and  the  following  experiment  of  M. 
DE  LA  Hiaa,  has  been  brought  forward  in  support  of  the 
opinion :  *^  If  a  small  object  placed  at  that  distance  from 
lAie  eye,  at  which  vision  is  most  distinct,  be  viewed  through 

focus  nearer  the  luUuraL  In  the  open  air,  all  objects,  cicept  those  near, 
were  distinctly  seen,  hut  immediately  on  entering  a  room,  all  was^^^axn  cn- 
weloped  in  mist.**    Annals  of  Philoiopb^  vol.  i.  p.  432. 
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three  pin-holes,  so  cGsposed,  that  the  interval  between  the 
most  (hstont  of  them  shall  not  exceed  the  diameter  of  the 
pupil,  the  object  will  be  seen  single  ;  but  if  the  object  be 
brought  ather  within  or  beycmd  the  limits  of  disdnct  vision, 
it  will  be  seen  multiplied  as  many  times  as  there  are  holes 
in  the  card,  and  each  of  the  three  images  will  be  as  perfect 
as  the  single  one  *.**    If  the  statements  here  made  be  cor* 
rect,.  it  must  follow,  that  objects  may  be  seen  distinctly  by 
rays  which  do  not  accurately  converge  aa  the  retina.   These 
three  imi^^es  are  formed  from  three  pencils  of  rays,  which, 
aa  they  possess  di&rent  degrees  of  divergence  when  they 
strike  the  eye,  must  converge  at  unequal  distances  behind 
it,  and  be  intersected  by  the  retina  under  different  circum-^ 
stances.     But  upon  repeating  the  experiment,  I  obtuned 
very  different  results.     Upon  looking  through  three  pin* 
holes,  placed  on  a  line,  the  distance  of  the  lateral  ones  from 
each  other,  not  exceeding  the  diameter  of  the  pupil,at  a  small 
dot  made  upon  white  paper,  lying  ax  inches  dbtant  from  the 
eye,  the  dot  iqppeared  single.    But  when  I  brought  the  dot 
within  three  inches  of  the  eye^  and  viewed  it  through  the 
perforated  card,  keefnng  the  central  hole  oppoate  the  opti- 
cal axis,  the  images  of  three  dots  iqipeared ;  differing,  how- 
ever^  in  their  distinctness,  the  central  image  being  dear, 
the  lateral  ones  obscure.     It  is  obvious,  in  this  case,  that 
the.  odne  of  rays  which  entered  the  middle  pin-hole,  po6se»- 
sed  least  divergence^  and,  oonsequendy,  omverged  nearly 
at  the  focus  of  parallel  rays,  the  ordinary  station  of  the  re> 
tina.    But  the  cones  cf  rays  which  entered  the  lateral  holes 
possessed  greater  divergence^  and  consequently  met  in  points 
beyond  the  retina,  or  were  truncated  previous  to  th^  con- 
vergence into  a  focus.    The  images  which  they  formed, 
wens  therefore  ill  defined.    When  one  of  the  lateral  holes 

•  ABMh  of  FhUoflopby,  I  p.  17L 
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was  farongbt  into  the  qitical  axis,  the  imi^  formed  by  the 
niys  which  passed  throu^  it,  was  Astanet,  the  image  of  the 
rays  of  th^  central  hole  was  rendered  obscure,  and  the  rays 
of  the  remote  Uteral  hole  not  entering  the  eye,  only  two 
dots  appeared. 

When  I  placed  the  dot  at  the  distance  of  a  foot  from  the 
eye,  and  then  interposed  the  perforated  card,  only  one 
image  was  formed,  nor  did  more  ajipear  when  die  eye  was 
removed  to  a  greats  distance,-  or  brought  a  short  way  with^ 
in  the  limits  of  distinct  vi»on.  In  tbiscase,  the  rays  which 
entered  the  diffin^ent  holes  were  nearly  paraDd,  and  oonse> 
quentiy  converged  at  one  point. 

When  I  placed  the  dot  and  the  perforated  card,  as  in 
the  first  experiment,  within  the  limit  of  disdnct  viaon, 
where  three  images  appeared,  and  gradually  removed  the  dot 
beyond  that  limit,  the  three  images  still  continued  to  ap- 
pear even  at  that  distance,  where  only  one  would  have  been 
visible,  had  the  perforated  card  been  there  interposed  for 
the  first  time.  In  like  manner,  when  the  dot,  viewed 
through  the  perforated  card,  beyond  the  limits  of  distinct 
vision,  and  appearing  single,  is  brought  nearer  the  eye,  it 
will  still  appear  smgle  within  that  distance ;  at  which,  if 
viewed  for  the  first  time  through  the  card,  three  images 
irould  have  been  formed.  These  appearances  are  similar 
to  those  whicli  take  place  in  the  eye,  in  ordinaiy  dreura- 
^nees.  We  see  a  dot  upon  paper  at  a  greater  distance,  if 
fitbt  viewed  at  the  limit  of  distinct  vision^  and  then  gradu- 
ally withdrawn,  than  when  the  eye  is  directed  towards  it 
for  the  first  time  in  its  remote  staticm ;  and  the  same  thing 
takes  pkice  with  objects  held  close  to  the  eye.  In  diese 
cases,  the  action  in  the  retina  is  contmued  by  a  weaker  im- 
presrioo  than  is  requisite  for  its  first  exdtement.  These 
results  warrant  the  conclusion,  ^ua  Ae  ntys  vAtcA  do  noi 
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accurakl^  converge  tjipfi  ihe  rdH/na^  do  noiprodueea  ifo- 
Unci  image. 

The  power  of  seeing  olgects  bey<»id  or  within  the  crdi- 
nary  limit  of  distinct  viskm,  is  groatly  strengthened  by  ha- 
bit. Thiis»  a  sailor  will  discern  the  masts  of  a  vessel  ap- 
pearing at  a  distancse  in  the  horinm^  where  nothing  is  visi- 
ble to  the  eye  of  a  landsman.  In  like  manner,  a  botanist 
will  detect  a  Ledidea  on  a  rock,  or  the  entom([dc];epst  a  fly, 
where  an  ordinary  observer  would  perceive  no  trace  of  or* 
ganized  existence^ 

Some  animals  are  destined  to  perform  the  ftincticms  of 
viflicm  in  the  full  light  of  day,  while  others  are  ccmfined  to 
the  obscure  li|^  of  the  evening  or  night.  In  the  animaia 
of  the  former  class,  termed  diuTTud^  the  mucous  pigment 
of  the  eye  b  of  a  dark  colour.  The  purpose  which  it  is 
supposed  to  serve,  is  that  of  absorlxng  the  rays  of  light, 
ailer  paaang  through  the  retina,  and  of  preventing  any 
reflection  of  the  rays  taking  place  ia  the  lateral  parts  of 
the  eye,  |uid  disturbing  the  image  of  the  objects  so  con* 
templated.  Where  the  tapetum  exists,  however,  a  por- 
tion of  the  rays  must  be  reflected ;  but  the  reflection  in 
this  case  may  be  so  regulated,  as  to  assist  rathor  than  dis- 
turb the  action  of  the  retina.  In  animals  whidi  seek  their 
food  in  the  dark,  the  eye  is  usually  of  a  large  nze ;  the 
pupl  is  wide,  to*  admit  a  greater  number  of  rays ;  and  the 
pigment  and  .tapetum  pale  coloured,  approaching  to  white. 
In  these  anknals,  as  the'  cat,  for  example,  whose  eyes  are 
so  constructed,  that  the  chormdes  reflects,  instead  of  absorbs 
theraysof  li^t,  it  is  difficult  to  determine  whether  the 
reflected  raysaqt  upon  the  retina,  and  excite  vision  in  thdr 
passage  outwards,  as  is  gmesally  supposed ;  or  pass  through 
the  refiiia  outwards,  with<Hit  exciting  any  actbn,.to  be 
thrown  on  the  object^  in  order  to  increase  the  disdnctnesa 
of  Its  image,  by  an  increase  of  its  light.     It  is  not,  indeed^ 
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prdbaUe,  that  both  surfiioes  of  the  retiiui  are  equally 
adapted  for  reoeiiniig  imprefloons  of  external  objects ;  and, 
judgiiig  fiom  analogy,  it  is  probable,  that  the  niys  in  their 
passage  inwards  akme  produce  the  image  *• 

In  some  individuals  of  certain  species  of  quadrupeds  and 
Inrds,  the  mucous  pigment  is  entirdy  defidoit ;  so  that 
the  choroid  coat  is  viable  through  the  iris.  This  deficien- 
cy is  always  congenital,  and  is  connected  with  a  defect  of 
the  secreting  organs  of  the  cdk>uring  matter  of  the  hair  and 
feathers.  Such  animals  are  called  AUAnoa.  Their  eyes 
are  tender,  and  impatient  of  light  f . 

Many  animals  can  only  see  an  object  with  one  eye  at  a 
time.  But  in  other  animals,  as  man,  both  eyes  may  be  di- 
rected at  once  to  the  same  object,  so  as  to  produce  an  image 
in  the  retina  of  each  eye.  Still,  however,  we  see  objects 
simple ;  and  this  single  vision  has,  by  some,  been  ascribed 
to  habit  It  is,  however,  probable,  that  vision  is  always 
single,  when  the  images  fall  on  precisely  the  corresponding 
points  of  both  retinae,  and  only  douMe  where  thi^condition 
does  not  exist  Were  this  not  the  case,  tlie  compound 
eyes  of  insects  would  exhilnt  objects  multiplied  to  an  extent 

•  Phfl.  Tksm.  ITM,  p.  1. 

\  Bldmbubacb,  in  reference  to  thif  ■object,  oflbn  the  fiaOowi^g  inter* 
eitSng  ebeerrations.  ^  It  b  well  known  tbet  thit  pigment  b  entirely,  or  ibr 
the  grenleet  part,  deSdcnt  in  the  eye  of  tiie  oAmom  or  dberele*;  wldeh  strange 
Tsriely  ooeura,  not  unftvqoentljTt  In  the  hiraian  race,  and  In  eevenl  other 
msmmaHa  and  hiidk  I  know,  howtvert  no  Inatanee  of  an  albino  among 
ooUUblooded  animala.  TbIa  anomalout  defldencjr  la  alwaja  congenital ;  and 
li  connected  with  a  want  of  the  colouring  princq>]e  of  the  akin,  and  of  the 
hair  and  fieatlim.  It  la  hereditary  in  aomo  mammalia,  ao  aa  to  fonn  a  con* 
■tanttai«edofwUtoaniamla,vli.ln  the  labbit,  mooae  and  fume,  (which 
httter  are  thoaa  called  gloM-iyc^)  I  camioi  belle?e  that  any  whole  qieciei 
of  warm-blooded  animala  ehould  originally  want  thia  pigment;  ^iid, 
therefore,  I  oonaider  the  ferret,  (MuateU  ftiro,)  to  haye  dcacended  Ihim  the 
polecat  (M.  putorios.**)    CoMporattve  Ammkmy^  TVmm.  Nfdt  tb  p.  363. 
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whidi  no  habit  or  experience  during  their  limiied  existence 
could  reduce*  I  have  obeerred,  that  childroiy  firom  the 
time  that  they  are  capable  of  fixing  their  eyes  steadily  on 
imy  object)  direct  both  of  them  towards  it;  and  this  effiwt 
they  do  not  seem  capable  of  making,  until  the  iris  has  ac- 
quired the  power  of  dilating  and  contracting. 

8.  Kkowlxdos  obtainbd  by  the  skvss  op  sigst.-^ 
The  information  communicated  to  the  mind  by  means  of 
the  sense  of  nght,  is,  perhaps,  more  varied  than  that  of 
touch,  but  it  is  less  accurate.  The  qualities  and  conditions 
of  objects  primarily  ascertained  by  this  sense,  may  be  re- 
stricted to  colour  and  direction  merely.  It  is  true,  that  we 
rely  on  the  information  which  it  communicates  with  regard 
to  the  distance,  form,  size  and  condi^on  of  the  surface  of 
bodies ;  but  in  these  cases  we  are  apt  to  be  decaved,  unless 
aided  by  the  recollections  of  the  sense  of  touch. 

The  eye  is  the  only  organ  of  the  body,  which  is  fitted  to 
examine  the  quantity,  quality,  and  motions  of  the  rays  of 
light  Hence  we  owe  to  it  all  our  ideas  with  respect  to 
the  colour  of  bodies.  We  readily  percave  the  limits  of  dif- 
ferent coloured  spaces,  and  thereby  ascertain  their  shapes 
and  degree  of  illumination.  Aided  by  the  experience  and 
the  sense  of  touch,  we  speedily  judge  of  the  boundaries  of 
objects  themselves,  by  the  distribution  of  colours,  and  their 
distance  by  their  brilliancy.  But  in  order  to  preserve  the 
eye  in  a  condition  capable  of  perceiving  correctly  the  difie- 
rences  among  bodies  with  respect  to  colour,  it  is  necessary 
that  it  be  prevented  from  looking  long  on  any  one  colour  at 
a  time,  least  the  retina  become  fatigued,  and  less  easily  ex- 
cited to  receive  impression.  When  the  retina  is  thus  fa- 
tigued, the  eye  ceases  to  judge  accurately  with  regard  to 
colour,  sedng  those  only  which  have  been  termed  accidenioL 

VOL.  I.  ^ 
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Thus,  Jis  has  beat  already  staled,  if  we  look  "steadily  at  a 
wUte  spot,  and  afterwards  turn  the  eye  towards  white  bo- 
dies, a  dark  spot  will  be  perceived  by  the  eye.  If  we  look 
at «  red  spot  on  a  white  ground,  and  then  direct  the  eye  to 
another  part  of  the  white^gvound,  agveenspotapfxroachiiig 
to  bhie  will  be  peroeived.  In  the  furst  case,  the  retina  was 
fktigued  by  the  white  cdour,  and  could  not  be  excited  by 
any  other  colour,  haraig  the  rays  which  Constituted  it  in  its 
composidon.  The  accidental' cdour  was,  therefore,  blacL 
Inhke  manner,  after  looking  at  tlie  red  spot,  the  retina 
was  inaensiUie  ti>  the  impression  of  ai  compound  colour^  ha- 
ving red  rays  in  its  oompoation ;  hence,  the  aoddental  co- 
lour conMted  of  the  other-  mys  of  the  jiirisinatic  spectrum, 
fixruing  a  coiaor  desticote  of  red. 

Tfaefidfewing  Table  exhibits  the  Natural  Colours,  with 
Aeir  corresponding  AcoidentAl  ones. 

Natural  C0I0UI8..  AcddenUl  Colours. 

Red,  Blue,  with  a  small  mixture  of  green. 

Orange,.  Blue,  with  nearly  an  equal  mixture  of  indiga 

Yellow,     Indigo,  with  a  considerable  mixture  of  violet. 

Green,  Violet  with  a  mixture  of  red. 

Blue,.  Red,  with  a  mixture  of  orange. 

Indigo,  Yellow,  with  a  considerable  mixture  of  orange. 

Violet,.  Green,  with  a  ocmsiderable  mixture  of  blue*. 

The  eye,  in  general, ,  communicates  accurate  information 
with  regard  to  the  direction  of  objects.  The  sources  of  error 
in  this  case  are  few ;  and  seldom  interfere  with  the  wants  or 
the  enjoyments  of  the  species.  They  arise  either  from  the 
reflection  or  refraction  of  the  rays  which  proceed  from  the 


^  Accidental  Colours,  Edin.  Encydop.  voL  i.  jk  90. 
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objects  exciting  the  sensation.  Rays  reflected  fit>m  a  mir- 
ror, exhibit  to  us  objects  in  a  directicxi  in  wluch  th^  do 
not  exist;  and  a  similar  deception  is  successful)  when  we 
mistake  the  shadow  for  the  substance.  Bays  which  are  re- 
fracted m  passmg  through  media  of  different  densities,  like- 
wise exhibit  objects  in  the  direction  in  whidi  they  do  not 
exist.  The  rays  of  light  from  an  object  in  water,  coming 
obliquely  to  our  eye,  in  air,  are  deflected  from  the  perpen- 
dicular, so  that  it  appears  nearer  the  horizon  or  higher  in 
the  water,  than  it  actually  is,  as  is  seen  by  immersing  the 
lower  end  of  a  pole  in  water.  On  this  principle  it  is  well 
known,  that  the  bottom  of  a  river  appears  nearer  the  sur- 
face, or  the  water  seems  shallower  than  it  really  is,  a  de- 
ception which  has  proved  fatal  to  many  who  have  ventured 
into  streams  with  which  they  were  unacquainted.  In  at- 
tempting to  kill  fish  in  the  water  widi  a  spear,  this  source 
of  error  will  prove  very  inconvenient,  until  corrected  by 
experiosce.  Herons,  gulls,  sc  id  geese  and  other  animals 
which  dart  from  die  air  upon  tneir  prey  in  the  water,  must 
often  miss  their  aim  in  youth,  from  this  optical  illusion. 
When  rays  of  light  pass  from  an  object  in  the  air,  to  an 
eye  in  the  water,  they  are  bent  towards  the  perpendicular, 
and  the  object  appears  nearer  the  zenith  than  it  actually  is. 
Trouts  and  other  fisli,  which  occasionally  catch  insects  fly- 
ing over  the  surface  of  the  water,  must  leam  to  avoid  this 
MHiroe  of  error,  or  meet  with  frequent  disappointments. 
Thero  is  one  treAi  water  fish,  a  native  of  India,  the  Chm^ 
todon  ragtratusj  or  Shooting  Fish,  which  is  able  to  cor- 
rect this  error  with  wonderful  dexterity.  "  When  the  Ja- 
culator  fish  intends  to  catch  a  fly  or  any  other  insect, 
which  is  seen  at  a  distance,  it  approaches  very  slowly  and 
cautiously,  and  comes  as  much  as  possible  perpendicularly 
under  the  object ;  then  the  body  being  put  in  an  oblique 
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situatioii,  and  the  mouth  and  eyes  being  near  the  sur&oe  of 
the  water,  the  Jaculator  stays  a  moment  quite  hnmoveabk, 
having  its  eyes  directly  fixed  on  the  insect,  and  then  beg^to 
shoot,  witliout  ever  shewing  its  mouth  above  the  surface  of 
the  water,  out  of  wbidi  the  nngk  drop  dxit  at  the  oligect, 
seems-^to  rise.*"  No  part  of  the  mouth  is  seen  out  of  the 
water  ;  and  it  shoots  a  great  many  drops,  one  after  ano- 
ther,  without  leaving  its  {dace.  Another  fish,  termed 
Zeus  insidiatoTj  is  known  to  exhibit  the  same  haUts. 
These  errors  of  refraction  thus  corrected  by  the  fish,  are, 
perhaps,  in  a  great  measure,  avoided  by  birds,  and  other 
fishes,  by  confining  their  attempts  to  sdze  tbrir  prey  to 
a  perpendicular  direction,  in  which  no  refraetion  takes 
place. 

In  examining  the  colour  and  direcUon  of  objects,  the 
eye  is  seldom  assisted  by  the  other  senses ;  and  the  infor- 
mation which  it  communicates,  is  in  general  ccMrect.  But 
it  is  otherwise  in  judging  of  die  nu^nijbude,.  the  distance, 
or  the  condition  of  the  sur£ace  of  bodies. 

We  judge  of  the  Magnitude  of  an  obgect,  by  the  difTe- 
rent  colours  which  it  exhibits,  in  comparison  of  the  colours 
of  those  objects  by  whicb  it  is  surrounded*  When  the 
same  colour  parades  the  whole,  we  must  remun  in  doubt, 
so  far  as  the  eye  alone  is  concerned,  and  even  in  those  cases 
where  there  is  a  great  dissimilarity  of  colour,  we  are  at  a 
loss  to  determine,  whether  the  difference  is  produced  by  the 
marginof  the  body  itself,  or  only  a  portion  of  its  sur&be. 
Even  after  we  ha;ve  determiiied  that  the  limit  of  the  parti- 
cular colour  marks  the  boundary  of  the  object,,  we  have  stiU 
to  ascertain  the  angle  wliich  its  extreme  points  form  with 
the  eye.  But  as'  the  size  of  the  angle  depends  not  only 
upon  the  real  magnitude  of  the  body,  but  its  distance,  it 

«  Fbil.  TcaiiB.  1764,  p,  89.  Tab.  iz.  ;  and  17SS,  p.  186. 
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is  obvious,  that  the  sources  of  error  are  numerous,  and 
that  the  information  thus  gained  is  of  little  value,  unless 
"Corrected  by  the  experience  of  the  sense  of  touch. 

As  we  judge  of  the  magnitude  of  objects,  by  the  angle 
irhich  they  form  with  the  eye,  so,  in  like  manner,  do  we 
emj^y  the  same  means  to  determine  dieir  Distance^  when 
restricted  to  the  organs  of  vision  alone.  But  as  bodies  of 
the  same  dimensions,  when  placed  at  diflferent  tfistances, 
will  form  with  the  eye  different  angles,  and  as  bodies  of 
unequal  dimensions  may  be  so  arranged,  as  to  appear  un- 
der the  same  angle,  our  notion  of  distance  acquired  by  On- 
aseisted  vision,  must  likewise  be  very  imperfect.  It  is  true, 
Ahat  in  judging  of  the  distance  of  objects,  their  degree  of 
illumination  is  likewise  attended  to.  But  as  objects  are^not 
^always  luminous  in  proportion  to  their  proximity,  it  may 
-often  happen  that  this  diaracrtei^  instead  of  contributing  to 
an  accurate  result,  diall  rather  generate  error. 

In  judging  of  the  condition  of  the  Surface  of  any  object, 
in  order  te.aseertain  its  inequalities  by  means  of  the  eye»  we 
attend  lo  the  degree  of  illumination  of  the  iliffereat  .ports, 
and  form  our  opinions  fiom  the  manner  in  which  the  light 
and  shade,  are  distributed.  But  as  the  eye  has  not  the 
power  of  peicdving  the  difference  between  a  dark  ground 
and  a  shaded  place,  nor  between  an  ilhimined  and  a  white 
spot,  it  is  obvious,  that,  without  the  assistance  of  the  sense 
of  touch,  it  could  not  be  determined  whether  the  surface 
was  rough  or  smooth,  pitted  or  even. 

The  eye  assists  us  in  determining  the  Jlfo^ion^  of  bodies 
but,  like  its  intimations  with  regard  to  aze  and  distance,  it 
frequently  misleads  u?.  Thus,  when  an  object  is  moving 
in  a  straight  line  from  us,  it  appears  as  if  at  rest.  When 
sailing  on  a  river  in  a  boat,  the  objects  which  are  stationary 
on  the  banks  seem  to  be  in  modon,  while  the  boat  which  is 
in  motion  appears  to  be  at  rest     In  like  manner,  the  sun 
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seems  to  move,  and  the  earth  to  be  stationary.  When 
bodies  move  with  great  velocity^  as  a  cannon  ball,  they  are 
inviable ;  or  when  the  motion  is  very  sbw,  as  the  index  (rf* 
a  dock,  it  is  likewise  imperceptible. 

Although  the  intimations  of  external  objects  obtidned  by 
the  eye,  are,  in  many  cases,  apt  to  mislead,  yet,  when  aid- 
ed by  the  sense  of  touch,  and,  in  some  cases,  by  that  of 
smdl,  the  information  communicated  to  the  mind  by  the 
organs  of  vision,  b  more  varied  and  extensive  than  that 
which  is  derived  from  any  of  the  other  senses.  While  the 
errors  of  the  eye  may  mislead  the  inferior  animals,  and  man 
himself,  when  seeking  to  supjdy  die  wants  of  existence,  yet 
they  have  been  converted  into  blessings  by  the  ingeouity 
of  our  spedes,  and  made  subservient  to  the  increase  of  the 
pleasure  and  improvement  of  dvibzed  society.  It  must  be 
understood,  that  we  here  allude  to  the  deceptive  art  of  Ptnni^ 
ing. 

The  value  of  the  characters  furnished  by  the  organs  of 
vinon,  in  the  systematical  arrangement  of  animals,  is  'sel- 
dom estimated  at  a  high  rate.  The  d^rences  exhibited 
in  the  eyes  of  animals,  otherwise  nearly  related  in  form  and 
structure,  are  so  great,  that  little  reliance  is  placed  on  the 
distinctions  which  they  exhibit  in  the  construction  of  the 
primary  divisions  of  animals.  But  in  the  fcmnation  of  the 
inferior  groups,  the  characters  of  the  eye  are  frequently 
employed  with  advantage,  as  they  are  remarkable  on  ac- 
count of  their  constancy  and  obviousness. 

There  are  many  animals  in  which  no  trace  of  organs  of 
vision  has  been  discovered.  Thus,  eyes  are  wanting  in 
the  ptercqxxlous  and  acephalous  MoUusca,  many  of  the  An- 
nulosa,  and  all  the  Radiata. 

In  the  vertebral  and  molluscous  animals  having  eyes, 
these  organs  are  always  two  in  number.     But  in  the  annu- 
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kMe  ftn^ma^l^  th«y  vary  greatly  in  number,  some  having 
only  (Mde,  while  olher»  have  twqi,  four,  eight,  or  more. 

The  ey^  of  00196  anoDals  are  fixed ;  while  in  others, 
they  are  capaUe  of  a  great  e^^tent  of  motion^  resting  on  a 
cushion  of  fat  or  gelatinous  matter,  or  seated  on  the  si^nmit 
o£  a  moveable  pedunckT. 

Tbeorgims  of  vision  are  uniformly  placed  on  the  head^ 
or,  in  the  absence  of  thu  part,  on  the  anterior  portion  of 
the  body.  They  are  usually  situated  on  both  sides  of  the 
mesial  line,  and  hare  always  more  or  1^^  of  a  dorsal, aspect 
unless  in  Man,  whose  eyes  are  directed  forwards. 

Th^re  is  no  proportion  observed  between  the  eye  and  the 
size  of  the  body.  Insects  present  the  greatest  ocular  sur- 
face to  the  li^t,  in  proportion  to  the  size  of  the  body,.-— 
whales  the  least 

IV.  Sknsc-ox'  H^abing. 

The  essential  parts  of  the  organ  of  hearing,  consist  of  a 
gelaUnouspulp,  inclosed  in  an  elastic  membrane,  into  which 
the  last  branches  of  the  auditory  nerve  penetrate.  The 
vibrations  of  tonorous  bodies  are  supposed  to  excite  move- 
ments in  this  pulp,  by  which  the  nervous  filaments  are  af- 
fected, and  the  perception  of  sound  produced.  As  it  is 
difficult  to  assign  to  each  part  of  the  ear  its  peculiar  func- 
tion, we  shall  confine  our  descriptions  to  the  parts  them- 
selves, briefly  stating  as  we  proceed,  the  uses  which  they 
are  supposed  to  serve. 

1.  Structure  of  the  Organs  qfHearinff. — The  most  com- 
plicated part  of  the  organ  of  hearing,  is  that  in  which  the 
auditory  nerve  terminates,  and  which  is  termed  the  La^ 
byrinih.  In  quadrupeds,  it  conasts  of  several  cavities,  hol- 
lowed out  in  the  petrous  substance  of  the  temporal  bone. 
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ooDtaining  a  fliud,  through  which  the  nervous  filaments  aM 
dispersed.  These  cavities  are  of  two  kinds.  In  the  first, 
there  are  tubular  semicircular  h<Jes,  which  ore  three  in 
number,  and  denominated  semicircular  ca$ud8f  wfaidi  open 
into  a  cavity  termed  the  veHOuk ;  the  second  is  termed 
the  cochleoy  which  likewise  communicates  with  the  vestibule^ 
and  conittsts  of  a  tube  revolving  round  a^canical  axis,  hol- 
low like  a  turlnnated  shell,  descriUng,  according  to  the 
species,  from  one  turn  and  a  half  to  three  turns  and  a  hal£ 
These  cavities  are  filled  with  a  fluid  whidi  has  been  term- 
ed the  Water  of  Cohi$miu9. 

The  auditory  nerve  takes  its  rise  from  the  infisrior  sur- 
face of  the  fourth  ventricle  of  the  brain,  and  penetrates  the 
cavities  of  the  labyrinth  by  traversing  an  infimte  midtitude 
of  perforations,  which  it  fiUs  by  its  minute  and  anastxv 
mofiing  filaments. 

In  Birds,  the  labyrinth  oonosts  of  nearly  the  same  parts 
as  in  quadrupeds.  In  these,  however,  the  codilea  is  less 
perfectly  developed,  and  merely  con^sts  of  a  short  holkyw 
bony  process,  divided  into  two  scalse.  The  semicircular 
qmals  are  not  hollowed  out  of  an  os  petrosum,  but  oonast 
of  tubes,  united  by  cellular  bone.  In  Reptiles  the  cochlea 
is  still  UKN^  imperfect ;  and  in  many  species  it  can  scarcely 
be  said  to  exist  The  semicircular  canals  are  apparent ; 
and  there  is  a  bag  containing  gelatinous  pulp,  in  which  the 
filaments  of  the  nerves  are  distributed.  In  this  sac  there 
is  a  substance  of  the  consistence  of  starch,  which  may  be 
regarded  as  occupying  the  place  of  the  cochlea  in  the  high- 
er classes.  In  Fishes^  the  semicircular  canals  still  exist;  but 
there  is  no  trace  of  a  cochlea.  The  sac  of  gelatinous  pulp, 
Gontuns  three  cretaceous  bodies,  varying  m  hardness  in  the 
different  races.  The  nervous  filaments  embrace  these  bo- 
dies.  Among  the  oephalopodous  MoUusca,  the  labyrinth 
^consistsof  a  simple  sac,  inclocdng  the  pulp  and  a  single  creta- 
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ceous  body.  There  are  no  semicircular  canals.  In  the  Crus- 
taoea^theiacooBBiMaof  ascaiy  cylinda*;  the  one  extremi^ 
dosed  by  an  dastic  membrane,  exposed  to  the  action  of  the 
element  in  wfaidi  the  animal  resides ;  and  the  other  extre- 
mity open  for  the  entrance  of  the  nerve.  Neither  semi- 
<»rcular  canals  nor  cretaceous  bodies  are  obvious. 

In  Quadrupeds  the  labyrinth  occupies  the  imier  part  of 
the  ear ;  and  on  its  external  side  there  is  a  cavity,  termed 
the  T^mpamimj  or  banel  of  the  ear.  This  cavity  is  irre- 
gular in  its  form,  according  to  the  species.  It  is  closed  on 
all  sides ;  behind  by  the  labyrinth,  laterally  by  the  osse^ 
ous  parietes,  and  externally  by  an  elastic  membrane,  tam- 
ed membra  tympamj  or  drum  of  theear.  The  inner  wall  of 
this  cavity,  which  is  formed  by  the  labyrinth,  contains  two 
openings ;  the  one  termed  ibefenMira  ovdUsy  which  com- 
municates with  the  vesdbule  and  semicinrular  canals ;  and 
the  other  termed  ibefeneitra  roiunda^  which  opens  into 
the  codika,  but  whose  orifice  is  closed  by  a  membrane. 
From  the  floor  of  the  banel,  a  tube,  osseous  at  its  commence- 
ment, and  cartila^pnous  in  the  remaining  part,  takes  its  rise, 
which  terminates  in  the  back  of  the  mouth  in  the  palate, 
called  the  Eusiacfnan  kibe.  Other  holes  may  be  observed 
in  different  species,  leading  into  adjacent  cells.  The  ex- 
temal  membrane,  by  whidi  the  tympanum  is  dosed,  is  at^ 
tached  to  the  osseous  drde  which  forms  the  walls.  It  may 
be  regarded  as  a  continuation  of  the  skin  through  the  ex- 
ieroal  ear,  and  of  the  int^uments  of  the  mouth  through 
die  Eustadiian  tube ;  it  is  dry,  transparent  and  elastic. 
Within  the  barrel  there  are  three  bones,  which  form  an 
immediate  connection  between  the  drum  and  the  fenestra 
ovalis.  The  first,  which  b  termed  malleus  or  hammer,  ad- 
heres to  the  drum ;  and  is  articulated  with  the  central  bone, 
inaa  or  anvil,  which  is  again  united  to  a  branch  of  the 
4k^fee  or  stirrup,  nrfiose  base  rests  upon  the  fenestra  ovalis. 
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These  bones  are  suaeepuble  oi  jnoMn*  0(^  bare  touscles 
altacbed  to  tbem,  by  which .  ih^y  M9  9wppfmed  able  to 
stretch  the  drum,  t6  oomprpss  the  Aiids  in  the  labyrinth, 
and  communicate  the  vifarationfl  of  the  drum  .to  the  pulp  of 
the  canals  and  co^lea. 

In  Birds»  the  tympanum  bears  a  •close  resimblatioe  to 
that  of  quadrupeds.  Its  oeUuiar  openings,  howevier,  are 
more  numerous,  and  the  cells  theniselTes  of  greater  dimen- 
sions. The  fenestra  ovalis  and  rotimda,  are  placed,  the 
former  above  the  lattar,  and  separated  by. an  o^^eous  bar. 
The  Eustachian  tube  is  osseous  throughout  it^  whole 
length.  In  the  barrel  there  is  but  one  bone  connecting  the 
drum  with  the  labyrinth,  branched  where  united  with  )he 
drum,  proceeding  by  slender  stalks  through  the  cavity  of 
the  barrel,  and  forming  aj[datel  which  doses  theieOaBtra 
ovalis. 

In  Reptiles,  the  tympanum  exhibhs  vefy  remaikafale 
differences.  In  some,  it  can»  scarcely  be  said  tq  eitidt*.  wbiie 
in  otha!8,  it  is  memhiaoaoeous^  exhibiting  the- Eustachian 
tube,  and  cme  or  two  bones  in  the  band.  The  membrane, 
or  drum,  is  wanting  in  some  cases,  its  place  beii^  auf^Ued 
by  the  common  skin,  while  in  .others,  it  exhibits  ijta  .ui^iial 
characters  of  dryness,  transparency,  and  daatidliy*. 

In  Fishes,  particularly  those  with  free  braadiise,  there  is 
no  tympanum.  In  those  with  fixed  bianohise,  the  rudi- 
ment of  a  tjnnpanum  may  be  observed  in  the  form  of  a 
minute  tube  leading  finom  the  labyrinth  to  the  skin. 

Between  the  drum  and  the  surrounding  element  in  Qua- 
drupeds, the  Ejeiemal  Ear  is  ntuated.  It  consists  of  a 
tube  continued  from  the  drum  to  the.  surfsure  of  the  body. 
It  varies  greatly  in  the  length,  direction,  and  texture  of  its 
walls.  When  arrived  at  the  surfiice,  this  fMiUM  awUio- 
ritis  extemiu8y  as  it  is  called,'  either  terminates  in  a  simple 
hole,  or  it  is  expanded  into  a  cartilaginous  arch,  termed  the 
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conctuL  In  Birds,  the  tube  is  shorty  and  there  is  no  ex- 
pansion of  the  skin  to  constitute  an  external  ear.  In  Rep. 
tiles,  there  is  no  tube,  nor  any  external  opening,  (unless  in 
the  crocodile  where  the  skin  fonns  a  kind  of  lip).  The  skin 
passes  directly  over  the  tympanum,  exhibiting  no  change 
in  its  direction,  and  becoming  only  a  little  more  tranqia- 
rent 

Although  the  organs  of  hearing,  in  Insects,  have  not  been 
satisfactorily  demonstrated,  their  existence  may  reas^bably 
be  inferred  from  the  circumstance,  that  many  species  are 
capable  of  f»oducing  sounds,  and  others  of  acting  under 
their  influence. 

From  the  preceding  review  of  the  organs  of  hearing,  k 
appears,  that  in  some  animals  the.action  excited  in  the  ur 
or  water  by  vibrations  of  scwioroua  bodies*  is  communicated 
directly  to  the  auditory  nerve,  by  the' medium. of  the  oom- 
num  integuments.  In  other  cases,  there  appears  a  compli- 
cated apparatus,  to  collect  tbe  vibrations,  and  to  transmit 
them  by  means  of  cavities  and  tubes,  variously  ananged, 
to  the  auditory  pulp.  These  difierences  in  the  form  and 
structure  of  the  parts,,  must  occasion-  oorrespnrtding  modi- 
fications  in  the  impresnons  produced;  but  with  regard  to 
the  nature  of  these,  we  are  still  in  a  great  measure  igno- 
rant 

2.  Kfwwkdge  obtained  by  the  sense  of  Hearing.'^The 
information  communicated  to  the  mind  by  the  organs  of 
Hearing,  is  far  from  being  so  important  and  divennfied  as 
that  which  is  derived  from  the  soise  of  touch  or  sight 

Sound  is  produced  by  the  motion  of  the  parts  of  a  par- 
ticular body,  or  by  the  fiictioii  of  one  body  against  ano- 
ther. In  both  cases,  a  tinemulous  motion  is  oommimicated 
to  the  surrounding  medium,  which  extends  in  all  directions 
like  the  waves  produced  in  the  water  by  a  stone  falling  into 
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it  These  undulations  affect  the  oi^gaiis  of  hearing,  and 
excite  the  aensationa  of  sound.  These  undulations  vary 
inth  the  condition  of  the  body  which  excites  them,  and 
-when  carefully  attended  to,  give  us  mtinuuions  r^arding 
the  distance,  directicm,  velocity,  connection,  and  cumpod- 
tion-of  8(xioix>us  bodies. 

In  judging  of  the  distance  of  objects  by  the  sense  of 
hearing,  we  attend  chi^y  to  the  strength  of  the  sounds 
which  they.emit^  considering  it  as  bearing  some  proportion 
to  their  proximity.  But  as  this  depakh  -on  the  quantity 
<yf  motion  excited,  and  the  resistance  which  is  opposed,  we 
may  be  led  to  conclude  that  a  body  is  distant,  because  the 
aonnd  -emitted  is  weak>  while  it  is  actually  near,  but  the 
extent  of  its  vibrations  limited. 

The  poriikm  of  sonorous  bodies  is  intimated  to  usJsiy  the 
-direction  in  which  the  vibrations  are  commumcated  to  the 
external  organs.  In  many  cases,  our  ccmjectures  are  verifi- 
ed by  experience,  but  in  others,  we  are  deceived  by.  the 
change  produced  in  the  direction  of  the  sonorous  waves  by 
varbus  obstacles,  so  that  we  mistake  the  reflected  fbr  die 
radiated  vibrataons,««"«cho  for  the  direct  sound* 

In  estimating  the  vdocify  4if  moving  bodies  by  means  of 
4H>und,  we  attend  to  the  changes  which  take  place  in  its 
strength.  When  the  traimtion  from  loud  to  weak,  or  from 
weak  to  loud,  is  rapid,  we  infer,  that  the  vibrations  have  a  cor- 
responding velocity,  in  proportion  to  tlie  change  of  place  in 
the  body  which  produces  them.  We  are  more  rarely  deceiv- 
ed in  this  case  than  in  the  two  former,  although  it  sometimes 
happens  that  a  change  in  the  direction  of  the  sonorous  vibra- 
tions, may  .produce  corre^nding  variations  in  their  strength, 
without  any  alteration  having  taken  place  in  their  velocity. 

When  two  bodies  are  rubbed  or  struck  against  each 
other,  we  are  in  many  cases  able,  from  the  differences  of 
.sound  emitted,  to  recognise  their  composition  or  .structure. 
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Thus,  we  can  in  general  distingatsh  between  the  sound  of 
wood  or  metal,  water  or  air,  and  hoUow  or  sofid  bodies. 

In  judging,  however,  of  any  one  of  these  qualities  or 
conditions  of  bodies,  we  call  to  our  assistance  all  the  infor- 
mation which  is  communicated  by  the  different  charactera 
of  the  scHiorous  vibrations,  so  that  the  oonelumon  at  which 
we  arrive,  is  frequently  the  result  of  a  very  eomplex,  though 
rapidly  executed  mental  operation. 

To  animals  in  general,  the  sense  of  hearing  gives  warn- 
ing of  the  approach  or  retreat  of  their  foes.  In  some  cases, 
it  is  likewise  the  medium  of  communication  between  the 
individuals  of  the  same  species,  in  the  expressions  of  their 
fedings  of  joy  or  grief,  love  or  hatred.  The  human  ear^ 
judges  of  all  the  qualities  of  sounds.  Some  of  the  qua- 
drupeds and  biltis  can,  however,  perceive  sounds  which 
are  inaudible  to  us,  and  perhaps  can  recognise  more  readily 
than  we  are  able  to  do,  some  of  the  modi£k:ations  of  a  par- 
ticular quality.  But  our  knowledge  of  the  peculiar  func* 
tioife  of  the  different  parts  of  the  ear^  is  still  too  limited  to 
enable  us  to  speculate,  with  any  prospect  of  success,  even 
were  our  information  concerning  the  halnts  and  feelings  of 
the  lower  animals  more  extensive  and  {nredse. 

in  the  systematical  arrangement  of  animals,  the  charac- 
ters furnished  by  the  organs  of  hearing,  are  scarcely  ever 
employed,  unless  in  the  exhibition  of  generic  cr  specific  dis- 
tinctions. Even  for  such  purposes,  the  attention  is  exdo. 
avety  directed  to  the  external  ear,  and  to  the  form  and  po« 
sition  of  the  entrance ;  the  internal  ear  being  concealed  from 
view,  difficult  to  dissect,  and  fumishmg  characters  which 
can  scarcely  be  expressed  by  words. 

V.  Sense  of  Smell. 

In  those  ammals  which  possess  organs  of  Smdl,  suffi- 
ciently developed  to  be  obvious  to  the  eye,  the  Nose,  or  en- 
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trance,  is  placed  on  the  anterior  part  of  the  head.  It  is  di- 
vided by  a  partition  which  varies  in  its  breadth  and  poa« 
don,  and  gives  to  the  nostrils  a  great  variety  of  character. 

1.  Structure  cf  the  orgaiu  cf  JmdZ.— In  the  vertebral 
animals  which  respire  by  lungs,  the  partition  which  is  ob- 
served externally,  is  continued  to  the  poerterior  opening  into 
the  throat,  forming  what  is  termed  the  septum  nartum. 
This  division  is  formed  by  the  vertical  plate  of  the  ethmoidal 
bone  and  the  vomer.  The  cavities  on  each  ade  are,  in 
part,  filled  by  the  turbinated  processes  of  the  ethmoidal 
bone  which  occupy  the  vault,  and  the  inferior  turbinated 
bones,  which  adhere  to  the  maxillary  bones,  and  project 
into  the  middle  of  the  cavity. 

The  olfactory  membrane  lines  these  cavities  of  the  nose, 
covering  its  septum,  walls,  and  projecting  laminae.  It  is 
merely  a  continuation  of  the  external  skin,  which  is  attach- 
ed by  cellular  substance  to  the  periosteum  of  the  bones,  and 
which  unites  posteriorly  with  the  integuments  of  the  throat 
and  gullet  Near  the  external  openings  it  resembles  the 
skin,  but  towards  the  interior  it  is  of  a  red  colour,  which  is 
derived  from  the  npmerous  bldodvessfels  with  whidi  it  is 
supplied.  Its  surface  presents  numerous  little  eminences, 
which  have  been  regarded,  by  sodie,  as  nervous  papillae, 
and,  by  others^  as  the  termination  of  excretory  canals.  It 
is.  kept  ctestantly  noist  by  a  watery  fluid,  termed  naeal 
mt4cua,  in  general^  a  seoretion  from  the  whole  membrane,  in 
other  cases  produoed  i»  piEurticakr  cells. 

This  memlmae  is  supplied  with  nerv^  from  the  first  pair 
or  olfactory  nerves.  These  take  their  rise  in  the  anterior  lobes 
of  the  brain.  Each  nerve  proceeds  to  its  corresponding  nos- 
tril, and  afler  dividing  into  numerous  filaments,  is  lost  in  the 
substance  of  the  dfaetory  membrane,  where  it  covers  the 
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sqitum  and  -windingB  of  the- ethmoidal  bone.  Beaded  the 
olfactory  nerve,  which  is  oonaidered  as  essenual  to  the  sen- 
salian  of  smeU,  the  nose  is  likewise  supplied  with  a  division 
of  the  ophthalmic  branch  of  the  fifth  pair,  which  is  princi^ 
pally  distributed  on.  the  inferior  pert  of  the  membrane,  and 
termed  the  fioiaJnM'i^ 

Connected  with  the  cavities  of  the  nostrils  which  we 
hare  already  mentioned,  there  are  numerous  cells  termed 
SinuMMi  in  some  of  the  adjoining  bones,  which  communi- 
cate by  contracted  apertures.  They  are  termed  fronitAy 
sph&uridalf  and  fnaaillary^  froin  the  bones  in  which  they 
are  imbedded.  They  are  covered  with  a  continuation  of 
the  olfactory  membrane.  It  is  thinner  in  these  cells  than 
in  the  cavity  of  the  nose,  is  not  supplied  with  any  branch 
of  the  olfiict<»y  nerve,  although  filaments  of  the  nasal  nerve 
may  be  traced  into  it. 

In  Fishes,  the  nose  does  not  communicate  with  the  mouth. 
The  nasal  cavity  on  each  side  is  simple,  the  olfactory  man- 
bnme  is  expanded  on  the  walls,  and  kept  mcnst  by  a  secret* 
edmucosh  One  or  two  openings  externally  lead  to  this  ca- 
vity. 

3.  FumcHons  qf  ike  orgam  of  SmelL^In  order  to  oom<^ 
prebend  the  functions  of  the  nostrils,  it  is  necessary  to  make 
a  few  temarks  on  Odomrs. 

Many  bodies  allow  excessivdy  small  particles  to  escape 
from  their  surface,  and  diffuse  thanselvvs  through  the  at^ 
mosphere.  These  particles,  which  are  tenoaed  Odours,  are 
always  emanating  from  certain  bodies,  producing  a  rapid 
deoMBse  of  wd^ht  in  some,  as  ether,  while  in  others,  aa 
mvisk,  nosensible  diminutioii  takes  place.  Such  partidea 
ave  not  ^en  off  by  some  bodies  when  in  a  particular  state 
of  oombinaifiBMi,  asammcoia,  when  united  with  the  stronger 
acids,  while  other  bodies  leqaire  to  be  comUned,  previous^ 
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to  their  eeaipej  as  arsenic  or  phQg|dioru8  with  oxygen. 
Heat  assists  the  escape  of  odorous  particles  from  a  variety 
of  bodies  which  are  termed  vdatile.  Li^t  likewise  influen- 
ces the  emanation  of  odorous  particles.  Hence  we  find  some 
plants  give  out  their  smell  during  the  day,  while  others  per- 
fume the  air  only  at  night  Dampness,  in  numy  cases,  as- 
nsts  the  escape  of  such  particles,  as  appears  by  the  fhu 
grance  of  a  garden  after  a  summer  shower,  or  day  when 
breathed  upon.  These  odours  emanate  from  bodiea  in  all 
directions,  with  greater  or  less  rapidity,  penetrate  only 
where  air  can  enter,  and  obey  the  motions  which  it  eKperi- 
enoes. 

The  air,  in  passing  through  the  nostrils  to  the  lungs, 
comes  in  contact  with  the  olfactory  membrane,  which  lines 
the  narrow  passages,  and  enables  the  odorous  particles  whidi 
it  conveys  to  act  upon  the  olfactory  nerves.  We  are  igno- 
rant of  the  manner  in  which  this  actum  is  produced.  Has 
the  olfiictory  membrane  an  affinity  for  odorous  particles  ? 
Does  the  nasal  mucus  retain  these  by  its  adheave  power, 
<Nr  is  it  employed  in  attracting  them  ?  Are  odorous  particles 
deposited  on  the  membrane,  or  do  they  merely  act  mecha- 
nically ^  as  they  move  along  its  surface  P  These  are  questions 
of  difficult  solution,  and  hitherto  treated  in  a  superficial 
manner. 

In  the  case  of  fishes,  the  water  impregnated  with  odcx*- 
ous  particles,  traverses  the  cavity  of  the  nose,  urged  by  the 
muscular  action  of  the  apertures  and  walls,  and  brings 
them  mto  contact  vrith  the  olfactory  membrane. 

8.  Knaujtedge  obtained  Inf  the  tense  of  SnuU. — The  seiw 
sations  produced  by  the  different  kinds  of  smdils,  are  chs. 
ffified  with  difficulty.  Some  are  agreeable^  such,  in  general, 
as  those  which  serve  for  food ;  othors  are  dieagreedbley  as 
the  most  of  those  substances  which  are  deletmous.     They 
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are  Hkewise  dassified,  according  to  the  effects  which  they 
produce  immediately  upon  the  cvgan  or  the  feelings  in  gene« 
ral ;  thus,  we  have  pungent,  nauseous,  and  fragrant  smells* 
In  many  cases,  howev^,  we  are  ccmipelled,  in  describing  an 
odour,  to  compare  it  with  that  which  is  emitted  by  some  well 
known  substance.  Thus,  we  say,  sulphureous,  vinous, 
alliaceous,  musky,  in  reference  to  the  smdl  of  burning  sul- 
phur, wine,  garhc,  or  musk. 

This  sense  ^ves  us  inlbrmation  of  the  presence  of  .odor- 
ous bodies,  and,  in  many  cases,  of  their  position.  *It  is, 
however,  more  extensively  employed  by  animals,  to  distin- 
guish one  body  from  another  when  contiguous,  especially 
the  different  kinds  of  food.  It  informs  us  of  many  of  the 
changes  whidi  take  {dace  in  bodies  by  heat,  light,  or  mois- 
ture, and  thus  serves  the  purpose  of  a  chemical  test 

The  sense  of  smdl  contributes  greatly  to  our  enjoyments, 
in  our  antidpodons  of  food,  and  in  the  pleasure  derived 
bom  perfumes.  In  man,  the  organs  of  smell  are  more 
developed  in  the  savage  than  in  the  dvilised  state.  In  the 
latter,  multitudes  destroy  the  utility  of  this  sense,  as  the 
mean  of  procuring  informaticm  or  pleasure.  Other  maoip- 
miferous  animals  derive  great  pleasure  from  this  sense,  as 
is  exhibited  by  the  fondness  of  dogs  to  putrid  substances, 
against  which  they  delight  to  rub  themselves,  and  of  cats 
to  particular  plants. 

From  the  difficulty  of  characterising  the  different  kinds 
of  smells,  andof  recollecting  the  particular  sensations  which 
they  exdte,  the  informaticm  communicated  by  this  senses 
though  varied,  is  sddom  to  be  relied  on  with  much  confi- 
dence. The  smell  of  one  body  may  be  disguised  by  the 
presence  of  another,  even  when  small  in  quantity,  as  may 
be  seen  to  a  great  extent  in  the  deception^  of  modem 
cookery. 

VOL.  I.  o 
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Ill  the  Mdlusoouft,  AniuikBe,  and,  Radialed  aninwK  no 
ovgans  of  smell  have  faee&  detected,  aiiiikg«m»  to  those 
vFhusk  exist  in  the  mare  perfect  anixnab.  Thqr,.  howeyer^ 
appear  lo  peasesa  this  aenee,  and  to  be  guided  by  ita  tnti- 
mationa  IB  aeehiog  out  the  proper  kinda  of  fbod^  their  mates^ 
oad  a  ^itualion  to  dcpo^  their  eggi.  In  soMe  caaes,  they 
are  dBcatxasdby  the  lesemUaaoe  between  the  smelk  of  sub- 
stances very  different  in  other  qualities.  Thus,  some  plants 
esttit  a  cadaverous  smell,  similar  to  putrid  flesh,  by  which 
the  flesluAy  is  allured^  and  depoots  its  eggs  on  parts  of 
these  which  can  furnish  no  food  to  the  future  progeny. 

VI.  Sense  of  Taste. 

The  sense  of  Taste  resides  in  the  mouth,  and  the  oigana 
destined  for  exepcising  it  are  analogous  to  those  of  touch. 
The  skin,  upon  entering  the  mouthy  beeooaesof  afiner  tex- 
ture^ and  18  supplied  by  a  greater  number  of  bloodvessda 
and  nerves  than  on  the  outside  of  the  body.  It  is  soft, 
eovered  by  numerous  papillfie,  and  kept  continually  moiat 
by  die  saliva.  The  sense  of  taste  is  not  confined?  tot  any 
one  part  of  the  mouth ;  it  exists  in  the  cheeks^  tongue, 
palate,  throat,  and  perhaps  gullet,  being  most  sensiide  ia« 
ihose  parts  which  are  softest,  and  have  the  greatest  mnanber 
of  papillee. 

The  nerves  which  are  distributed  to  the  mouth,  t«ke 
their  rise  from  different  branches  of  the  Mh,  eighth,  and 
ninth  pair.  The  peeuHar  office  <^  each  of  these  nerves  is 
not  distinctly  understood,  nor  ht»  it  been  demonstrated  that 
they  are  all  conducive  to  the  perfection  of  the  sense  of  taste. 

The  bodies  which  excite  the  sensations  connected  with 
taste,  require  to  be  dissolved  or  mixed  with  the  saliva^of  the 
mouth,  and  in  thiiS  state  applied  to  its  integuments.  It  is 
not  known  how  the  particles  of  sapid  bodies  moistened  pro- 
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dace  their  efiect  oh  the  organs  of  tiiste.  Some  suppbsei 
that  they  act  chemically,  others  mechanically. 

The  nomenclature  of  sarours,  thongh  very  imperfect,  h 
more  precise  than  that  of  smells,  arising  from  the  circum>- 
stance  that  the  impressions  of  sapid  bodies  are  more  perma^ 
nent  than  of  odours. 

We  distinguish  savours  into  agreeable  and  disagreeable, 
sour,  sweat,  bitter,  hot,  and  cold ;  and  in  our  descriptioM 
of  them,  we  frequently  refer  to  well  known  bodies,  as  salt, 
sugar,  vinegar,  as  standards  of  comparison.  Sapid  bodieiSi 
appear  to  act  with  greater  energy  on  some  parts  of  the  or- 
gan of  taste  than  on  others.  Thus,  some  aflect  the  throat, 
others  the  palate  or  tongue. 

As  different  bodies  act  on  the  organs  of  taste  in  produ^ 
cing  a  variety  of  diilerent  feelings,  this  sense  is  extensively 
used  in  the  discririiination  of  bodies,  more  particularly  tfaos^ 
which  serve  as  nouridiment.  Indeed,  this  sense  appears 
almost  exclusively  subservient  to  the  digestive  system,  00 
that  the  pleasure  we  derive  from  the  savour  of  bodies  in  the 
mouthy  is  intimately  connected  with  their  salutaiy  efifectsin 
the  stomach.  / 

The  information  communicated  by  this  sense  is  limited 
in  its  nature,  in  the  inferior  animals,  to  food.  Man,  how- 
ever, employs  it  to  ascertain  the  composition  and  relation  of 
bodies ;  and,  by  experience,  communicates  to  this  sense  si 
wonderful  degree  of  sensibility,  as  we  see  in  chemists,  win^ 
dealers,  and  even  epicures. 

It  is  probable  that  all  animals  possess  the  sense  of  taste, 
to  enable  them  to  make  choice  of  the  proper  kind  of  food. 

Before  conclu^Jing  our  remarks  on  the  oi^gans  of  perce^ 
tion,  some  general  observations  may  be  made  on  their  na^ 
ture  and  mutual  dependence. 

o  2 
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4k  There  b  no  deCenninate  rdatkm  observed  intbe  de- 
grees of  perfection  of  the  flenses  m  diflkrentaniiiiak.  Even 
in  the  same  dass,  and  subordinate  divisioDs  of  a  class,  one 
tpedai  or  genus  may  have  the  (»gans  of  smell  very  fiiUy 
developed,  another  those  of  hearing,  a  third  those  of  si^ 
while  the  other  senses  may  be  in  a  less  perfect  condition. 
Even  among  individuals  of  the  same  species,  such  differen- 
ces pievaiL 

i.  Injudgingof  the  properties  of  bodies,  we  seldom  rest 
satisfied  with  the  information  obtained  by  one  sense,  but  em- 
pby  the  results  furnished  by  the  others,  to  correct  or 
strengthen  our  conckiaons.  Thus,  the  organ  of  touch  as- 
sists that  of  seeing,  and  nght  aids  the  efforts  of  touch. 
Hence,  as  the  senses  mutually  asast  each  other,  it  is  dif- 
ficult to  as^gn  to  «ach  of  them  the  knowledge  which  it 
has  exclusively  oxnmunicated.  In  the  case  of  disease  or 
accident,  where  one  sense  has  been  destroyed,  the  other 
senses^  by  an  increased  sensibility,  in  a  great  measure  sup- 
ply jthe  defect  Thus,  hearing  and  touch*  in  many  cases, 
supply  the  loss  of  sight,  and  exhibit  striking  displays  of 
that  compensating  or  repairing  power,  to  which  we  have 
had  frequent  occasion  to  refer. 

c. '  In  many  animak,  where  some  of  the  senses  exist,  aU 
though  we  are  unable  to  detect  the  organs  in  which  they 
are  seated,  as  is  the  case  with  hearing  in  the  annuloee  ani- 
mals, it  is  probable  that  the  deficiency  of  one  sense  may 
be  supplied  by  the  sensibility  of  the  remaining  ones. 

d.  The  same  qualities  in  bodies  do  not  produce  the  same 
eflbcts  on  the  appropriate  organs  of  all  animals.  There  is 
a  striking  difference  in  the  cfegrees  of  sensibility ;  so  that 
an  imprestton  which  would  be  overpowering  to  one  animal 
is  scarcely  felt  by  another,  as  i^pears  in  the  case  of 
certain  sounds,  smells  and  lights.  Even  sensations  excited 
by  the  same  bodies  in  different  animals^  are  dissimilar  in 
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kind.  This  appears  from  the  drcumstance,  that  what  is 
agreeable  to  and  sought  aflter  by  one  animal,  is  oflen  disa- 
greeable to  another,  and  carefiillj  avoided. 

e.  From  these  considerations  it  appears  to  be  difficult  to 
determine  the  knowledge  of  external  objects,  possessed  by 
any  one  species,  from  the  developement  of  the  organs  of  the 
senses.  Nor  does  it  appear  that  there  is  any  regular  con- 
nected gradation  in  the  relative  perfection  of  the  senses, 
keeping  pace  with  the  increasing  simjdicity  of  bodily  struo* 
ture.. 
f.  Although  many  animals  have  myme  of  the  senses  more 
fully  developed  than  Man,  comparative  anatomy  fumidies 
a  demonstration,  that  there  is  no  animal  in  which  they  aU 
exist  in  so  great  a  degree  of  perfection.  Hence  we  are  led 
to  conclude,  that  man  is  more  intimately  acquainted  with 
the  properties  of  the  material  world  in  general,  than  any 
of  the  inferior  animals. 

g*  Some  of  the  senses,  such  as  taste,  smell  and  touch,  re- 
quire the  existing  ot:gect  to  be  brought  into  contact  with 
the  organs ;  while  in  others,  as  sight,  heat,  and  hearings 
the  sensation  is  produced  by  means  of  media.  Touchy 
which  is  most  universally  distributed,  appears  to  be  the 
sense  into  which  the  others  may  be  resolved.  Thus,  light 
comes  in  contact  with  the  eye,  heat  with  the  skin,  and  tha 
vibrating  air  with  the  ^ar« 

CHAP.  XI. 

FACULTIES  OF  THE  MIND. 

In  treating  of  the  organs  of  perception,  we  endeavoured 
to  ascertain  the  functions  of  the  six  senses,  and  the  kind  of 
iufarmation  concerning  the  objects  around  us,  wtuch  they 
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are  qualified  to  oomn^unicate  to  the  nuodL  It  now  remaiiis 
that  we  attend  to  the  sensatiops  themselves^  in  refi»ence  to 
the  processes  performed  upon  them  by  the  mmd,  with  the 
view  of  becoming  acquainted  with  the  faculties  of  tb^t  mys- 
terious part  of  our  nature. 

In  conducting  this  inquiry,  it  is  difficult  to  avoid  the 
use  of  ambiguous  phrases ;  for  almost  every  term  which 
can  be  applied  to  mind,  has  been  kxided  with  a  vaiiely  of 
^gnifications.  It  will  be  our  aim  to  rendei^  obvious  the' 
meaning  of  the  terms  here  employed,  by  the  descriptions 
which  accompany  them. 

When  we  attend  to  the  {^enomena  displayed  by  the 
min4,  we  perceive  that  it  exhibits  cert4un  relations  to  the 
sensations  of  the  body,  changes  resulting.irom  their  pioduc* 
tion,  and  consequent  efforts  of  vplition. 

These  diff^nt  states  or  ^nditions  of  the  mind  have  beep 
observed  to  be  regulated  by  peculiar  laws,  and  tobesubservieat 
to  particular  purposes  in  the  animal  economy.  They  have 
bad  bestowed  on  them  specific  iqi^Uatkvis,  to  express  thar 
chj^ract^ ;  and  they  haye  generally  beep  denominated  the 
Attributes,  Faculties,  or  (in  consequence  of  vohti<Mi  pcodiit- 
cing  chaoge)  Powers  of  the  Mind  Trivial  objections  have 
b^n  uige^  against  the  use  of  these  terms,  as  hnplying  that 
the  mind  is  coinppsed;  of  Afferent  parts ;  and,  cpnaequeotly, 
not  entitled  to  its  prerogative  of  unify.  Of  the  em^oce  of 
mind  we  absolutely  know  nothing ;  and  hence  the  various 
phrases.  Unity,  Indivisibility,  Immateriality,  and  others, 
which  have  been  employed  to  express  the  nature  of  this  es- 
sence, are,  in  fact,  expressions  of  our  own  ignorance  and  pre- 
sumption. When  we  witness  the  mind  capable  of  exciting 
action  in  matter,  and  of  being  excited  to  action  by  matter,*— 
cxhiUting  its  identity  by  its  local  residence,— -variable  ia 
its  relajtions  lo  matter,— variable  relatively  to  its  own  con- 
ditions,— capaUe  of  exercising  cbAbrent  functions  at  the 
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I  dine,*— and,  last  of  all,  multiplying  with  an  increase 
ofpopnlatioiiy-^wefeel  overwhelmed  with  the  incompre- 
hau3>le  phenomena  which  it  presents,  and  admit  the  suita- 
bleness of  an  expression  of  our  Divine  Ifaster,  when  ap- 
]Jied  to  the  present  case,  *^  Ye  know  not  what  manner  of 
spirit  ye- are  of.^ 

When  we  attentively  examine  the  peculiarities  of  the 
mental  powers,  diey  appear  to  admit  of  distribution  into 
two  classes,  and  several  subordinate  divisions.  These  class- 
es we  tenn  the  IfdeOectualasid  insHnctive^  and  now  proceed 
to  give  a  detail  of  their  diaracters. 

In  the  illustrations  which  are  here  offered  on  die  mental 
phenomena,  I  have  given  the  result  of  die  observations 
which  I  have  made  upon  my  own  mind,  and  the  sentient 
objects  arbund  me,  without  being  influenced  by  the  receiv- 
ed systems  of  philosophy  .  It  would  he  of  great  advantage 
to  moral  science,  weve  individuals  to  study  the  conditions 
of  their  own  minds,  and  observe  the  phenomena  which  are 
«>  atmssJMe,  instead  of  hastily  subscrtt)tng  to  the  tenets  of 
aparticukr  school,  or  yidding  to  the  influence  of  question- 
ahle  authonty.  'Hie  various  results  fiom  diflfarent  minds 
eottld  tiius  be  compared,  dfacordant  statements  submitted 
to  more  rigorous  scrutiny,  and  the  number  and  nature  of 
Ae  attributes  of  mind  more  satisfactorily  establishod, 

I.   iKTBLItECirOAL  PoWBBS. 

1.  Faculties  of  the  xiiid.— In  order  to  enable  the 
mind  to  become  acquainted  with  the  olgects  whidi  produce 
an  impression  on  the  senses^  certain  conditions  are  necessary. 
The  organs  of  perception  must  be  kept  steadily  towards 
them  a  sufficient  length  of  time,  that  they  may  be  ca^amin* 
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ed  in  all  the  various  cixeuiiuitaiioea  in  which  they  praaeitf 
themidves.    This  pow«r  or  eifiat  of  the  mind  is  tenaed 

1.  ^I^^n^ion.— Unkss  this  power  is  exeidaed  on  the  cr- 
gans  of  perception,  the  impresnons  whidi  are  produced 
are  oonfused  and  obscure^  and  speedily  vanish.  But,byita 
means,  the  organs  are  l^rou^t  into  a  condition  siiilable  to 
recdve  an  impression  and  determine  its  nature  and  dnn^ 
tion^  and  preserved  therem  a  suffident  length  of  time. 

In  the  exercise  of  Attention,  we  seldom  are  capaUe  cf . 
employing  more  than  one  senseatatime;  but  can,  without 
much  difiBculty,  fix  the  mind  on  several  diflbrent  kinds  of 
information  which  one  sense  is  capable  of  communicating. 
Thus,  w^  can  distinguish  a  variety  of  conditions  in  sound, 
and  the  impressions  produced  on  the  organs  of  aght. 
But  this  faculty  chiefly  diqilays  its  peculiar  nature  and  its 
utility,  in  its  ^decHve  operations.  Thus,  tar  example,  ia 
locddng  at  a  rose,  I  can  either  attend  to  its  size,  its  stdicUvi- 
«ons,  colour  or  fragrance.  The  diaracter  on  idiich  I  am 
said  to  bestow  the  greatest  attention,  is  the  one  to  which  I 
direct  the  suitable  organ  of  sensation  with  the  greateflit  in- 
tensity, for  the  greats  length  of  time,  and  of  whidi  I  am 
said  to  have  the  most  distinct  conception.  .  Man  employa 
this  essential  faculty  of  his  mind,  in  every  inquiry  he  makes^ 
and  in  almost  every  action  which  he  performs.  Without 
its  assistance  and  contrpul,  no  knowledge  of  ext»nal  ob- 
jects  can  be  gained,  no  train  of  reflectiiHi  can  be  pursued, 
no  successful  bodily  effort  can  be  mad^. 

In  the  lower  animals,  this  faculty  not  only  exists,  but  dis^ 
plays  itself  to  our  observationin  various  ways.  What  is  it  but 
the  exerdse  of  attention,  when  we  see  a  cat  watdiing  (ot  a 
mouse,  or  A  kestril  hovering  in  the  air  ?  In  both  cases,  the 
faculty  now  under  consideration  is  exercising  its  ccmtroul 
over  the  organs  of  dght  When  we  witness  the  fox4iound 
engaged  in  the  chace,  we  see  attention  regulating  the  or^ 
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gang  of  snidl ;  and,  regardless  of  the  other  perfumes  ariong 
firom  the  ground,  permitting  only  the  scent  of  the  cunning 
fbgidve  to  make  a  deep  impresaon.  The  do^  who  has  lost 
his  master  in  a  crowd,  practises  the  same  restraint  upon  his 
organs  of  smell,  sometimes,  also,  on  his  sense  of  hearing,  as 
'he  is  able  to  detect  his  master  by  his  voice,  even  when 
others  are  speddng  at  the  same  time. 

Beasobing  from  analogy,  we  may  conclude,  that  the  fa* 
culty  of  attention  reaches  as  low  m  the  scale  of  animal  life 
as  the  organs  of  sensation.  It  is  neoessaiy  in  the  more  per- 
feet  animals,  for  the  regulation  of  every  impresnon ;  hence 
it  is  probable  that  it  eatists,  wherever  there  are  organs  to 
reodve  an  impression. 

The  ideas  whidi  we  thus  acquire  of  external  things,  by 
the  help  of  the  faculty  of  attention,  are  so  disposed  by  the 
mind,  as  to  be  retained  in  such  a  manner,  that  they  can  be 
recalled  at  jdeasure,  eren  in  the  absence  of  the  objects  which 
excited  them.  There  are  two  faculties  employed  in  this 
process.  In  the  one  the  idea  is  recalled  in  the  condition  in 
which  it  was  first  formed ;  in  the  second,  apart  only  of  the 
idea  is  recalled,  in  union  with  the  part  of  some  other  idea. 
The  fcmner  is  termed  memofyy  the  latter  maginaiion. 

ft.  Memofy.-^A  variety  of  circumstances  enable  us  tore- 
call  the  idea  which  a  particular  impression  has  formerly  pro- 
duoed,  and  exhibit  it  in  nearly  its  original  condition.  This 
process  of  recollection  is  performed  by  retradng  the  steps 
which  led  to  its  production,  the  time  and  jdace  in  which  it 
was  exdted,  and  the  consequences  which  followed  its  reoep- 
tkm. 

The  tendency  of  the  mind  to  have  impressions  recalled  by 
particular  circumstances,  in  preference  to  others,  has  been 
exidted  into  a  separate  faculty,  denominated  the  power 
^'assodtUionj  exhibiting  its  operations  in  the  production  of 
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of  riiyme,  puns,  colloquial  phrases,  and  alliteialbii.  In 
many  cases,  however,  ideas  return  in  the  mind  without  anj 
exertion  to  recall  them.  In  some  instsncfti  we  can  trace 
back  the  process  by  which  they  were  intvodiiced,  ^ule,  in 
others,  we  have  no  nodon  of  their  origin  or  oomiection»  If 
the  process  is  known,  we  perceive  diat  it  has  been  eKcited 
by  some  impression  of  resemibmce. 

Some  oonfuaon  has  arisen  with  regard  to  omr  notioaa  of 
Memory,  from  the  introduction  of  the  term  omwepHoL 
This  phrase,  in  numerous  instances,  refers  to  the  original 
image  or  impression  produced  on  the  mind,  through  the 
medium  of  the  senses,  thus  using  it  as  qrnonimous  with 
sensation  and  perception ;  while  in  otfacn,  it  is  applied  to 
the  oamUning  edbrts  of  the  imagination,  or  the  simple  re- 
ooUecdve  exertions  of  the  memory. 

When  an  idea  returns  to  the  mind  either  spofitaneonsiy 
or  by  an  eflbrt  of  recollection,  we  employ  the  faculty  of  at- 
(enUon  in  examining  its  condition.  We  either  view  it  as  a 
whole,  in  relation  to  the  whole  or  the  parts  of  other  objects, 
or  we  attend  to  the  qualities  of  its  particular  parts  in  refe- 
rence to  one  another,  or  to  the  whole,  or  the  parts  of  same 
other  olgect.  This  selective  act  of  attention  same  have 
considered  as  a  separate  power,  under  the  denonmudioli  of 
4ib8iradH(m.  But  as  we  have  seen  attention  piacriang  ah* 
straction,  in  regard  to  the  openitioiis  of  the  senses,  and  as 
it  acts  in  a  similar  manner  with  the  ideasof  reeollectien,  we 
see  no  necessity  for  regarding  this  operatioa  of  the  mind 
as  a  distinct  faculty.  Indeed  it  must  appear  obvious^  iq»» 
on  a  little  consideration,  that  the  terms  abstractiony  «ni- 
ffUnaiian  and  comparison^  merely  express  the  sin|^  or 
combined  acts  of  the  attention  and  memory. 

Ideas  arc  excited  by  the  memory  in  gen«*al,  with  a  fiu 
cility  proportional  to  the  degree  of  attention  originally  be- 
stowed on  the  impressions,  their  intensity,  and  the  frequency 
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irith  which  they  have  been  recalled.  But  there  are  fiomc 
idfMs  which  can  be  recalled  with  diAcultj,  whatever 
extrtioDs  we  may  have  made  onginally  to  render  them  per- 
manent Thu6,  the  perceptions  of  sight  and  touch  are 
more  readily  recollected  thto  those  of  sound,  taste  or  smell. 
Ill  the  latter,  we  seldom  can^  recall  a  distinct  idea;  but, 
in  the  attempt,  rest  frequgrtly  satisfied  with  the  recollectka 
of  the  symbols  by  which  it  is  designated. 

In  comparing  objects  with  one  another,  we  employ  the 
powers  of  attention  and  memory  in  conjunction.  Having, 
by  maans  of  attention,  fixed  the  mind  cm  one  object,  we 
can  then  turn  it  to  another :  the  memory  preserves  the  im« 
presnons  which  the  former'  produced,  so  as  to  compare 
these  with  the  qualities  of  the  latter. 

This  faculty  of  memory  is  essentially  requiate  to  out 
attainment  of  knowledge.  Without  it  our  intellectual  im- 
provement would  be  confined  within  very  narrow  limits. 
It  exhibits  itself  in  various  degrees  of  excellence  in  different 
individuals,  partly  the  result  of  constitutional  arrangementc, 
and  partly  of  haUt  in  all  cases  its  various  properties  are 
improved  by  exercise. 

The  existence  of  the  faculty  of  memory  in  the  lower  ani- 
mals, can  scarcely  be  doubted,  as  instances  diuly  occur  of 
ita  display  in  our  domestic  quadrupeds,  as  the  elephant, 
hone,  md  dog  *.     It  is  likewise  exhibited  by  birds.    We 


*  In  illustration  of  the  extent  of  the  memoxy  of  the  elephant,  Mr  Coass, 
in  his  valuable  obeervations  on  the  natural  history  of  that  animal,  states  the 
IbUowmg  circumstances,  to  which  he  was  an  eye-witness  n-.*«  In^June  1787, 
Fittra  MunquI,  a  male  elephant,  taken  the  year  before,  was  travelling,  in 
company  with  other  elephants,  towards  Chittigong,  laden  with  a  tent  and 
some  baggage  for  our  acconmiodation  on  the  journey.  Having  come  upon  a 
tiger^s  track,  which  elephants  discover  readily  by  the  smell,  he  took  fright, 
and  ran  oiF  to  the  woods,  in  spite  of  the  efforts  of  his  driver.  On  entering 
the  wood,  the  driver  saved  himself,  by  springing  from  the  elephant,  and 
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have  evidence  of  a  per^;rine  falcon,  which  was  lost  in  the 
month  of  March,  recognizing  its  master,  when  retaken  in 
the  end  of  September.  Indeed  in  all  those  animals  whidi 
are  capable  of  being  tamed,  there  must  exist  this  faculty  to 
enable  them  to  recognize  former  sensations. 

The  memory,  in  the  lower  animals,  likewise  performs  its 
operations  in  the  same  manner  as  with  us,  by  the  help  of 
what  is  termed  the  Association  of  litas*    Thus  we  hav^ 


dinging  to  the  bHuidi  of  a  tree  under  which  he  wu  pusiog.     When  the 

dephant  had  got  rid  of  his  driver,  he  eoon  oontrived  to  ehake  off  hie  load. 

As  soon  as  he  ran  away,  a  trained  female  was  dispatdied  after  hin,  bat 

could  not  get  up  in  ttme  to  prevent  his  escape.    She,  however,  farongfat  back 

Us  driver,  and  the  load  he  had  thrown  off,  and  we  proceeded,  without  any 

hope  of  ever  sesiog  him  «gain.    Bighteen  mondis  after  this,  when  a  heni  of 

dephants  had  besn  taken,  and  had  remained  several  days  in  the  indoson^ 

till  they  were  enticed  into  the  oullet,  there  tied,  and  led  out  in  the  usuI 

manner,  one  of  ihe  drivers,  viewing  a  mate  elephant  very  attentively,  4^ 

dared  he  resembled  the  one  which  had  run  away.    This  excited  the  curio- 

Btty  of  eveiy  one  to  go  and  look  at  him ;  but,  when  any  person  came  nsar, 

the  animal  struck  at  him  with  his  trunk  ;  and,  in  evoj  respect,  appeared  ss 

wild  and  outrageous  as  any  of  the  other  elephants.    At  kogth,  an  0I4  haa> 

ter,  coming  up  and  examining  him  narrowly,  dedared  he  was  t^^  i^ery  de* 

phant  that  had  made  his  escape  about  eighteen  months  before.    Confident 

of  this,  he  boldly  rode  up  to  him,  on  a  tame  elephant,  and  ordered  him  Co 

tie  down,  puiliag  him  by  the  cor  at  the  aame  time.    The  animal  seemed 

quite  taken  by  suiprise,  and  instantly  obegied  the  word  of  '^■~~— ^t  with  as 

much  quickness  as  the  ropes  with  which  he  was  tied  permitted ;  uttathj^,  at 

the  same  time,  a  peculiar  shrill  squeak,  through  his  trunk,  as  he  had  Ibr- 

merly  been  known  to  do ;  by  which  he  was  immediately  recognized  hyeveiy 

person  who  ha^  ever  been  acquainted  with  this  peculiarity.**— PhiL  Tkaas. 

1799,  p.  ^    The  same  observer  ftumishes  satisfiictoty  evidenoe  that  an- 

other  dephant,  a  female,  taken  in  1765,  and  which  was  turned  loose  in 

1767,  when  retaken  in  1782,  recollected  the  customs  of  her  Ibrmer  bondage, 

and  lay  down  at  the  command  of  her  driver.    ^  He  Ml  her  from  his  seat  i 

gave  her  his  stick  to  hold,  which  she  took  with  her  trunk,  and  put  int» 

her  mouth,  kept,  and  returned  it,  as  she  was  directed,  and  as  she  fonncrly 

had  been  accustomed  to  do.**«*Itrid. 
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I  a  spaniel  exhiUt  all  the  ecstacy  of  joy  when  he  obfierved 
his  mastecgput  on  any  article  of  dress  which  he  was  accua- 
tomied  to  wear  during  the  hours  of  sport.  These  things 
riecalled  to  him  the  enjoyments  of  the  field,  as  distincdy  bb 
the  sight  of  the  gun.  We  see  the  same  animal  practising 
an  attempt  at  recollection,  by  smeUing  at  a  stranger,  and 
at  last,  after  many  efforts,  recognizing  him  as  an  old  friend. 
We  have  not  the  kneans  of  determining  whether  former 
impressions  arise  spontaneously  in  the  mind  of  the  inferior 
animals,  or  whether  all  the  acts  of  memory  be  brought 
about  by  the  excitements  of  present  sensations.  We  know 
very  imperfectly  the  nature  of  those  qx>ntaneou8  efforts  of 
the  memory,  as  they  take  place  in  our  own  minds;  so  that 
our  reasomngs  on  this  subject,  in  reference  to  the  brutes, 
must  be  of  a  doubtful  kind.  Indeed  it  is  probable,  that 
these  qxmtaneous  reooUecticHis  are  not  purely  mental  pto- 
eesses,  but  have  their  rise  in  seme  of  those  organical  cir< 
cumstances  which  exdte  and  frequently  regulate  our  trains 
oftboui^t 

8.  Jiiu^««uilion.<-^Theproper  business  of  imagination  is  tQ 
decompose  our  impreSoons  or  ideas;  \o  exhibit  a  part  of  any 
ooeof  these,  divested  of  its  original  assodations,  or  in  union 
with  a  portion  of  some  other  imprestton  or  idea.  In  per- 
forming these  analytical  and  synthetical  operations,  the 
powers  ci  attention  and  memory  are  indispensably  requi-^ 
site.  The  former  ^es  die  mind  on  a  particular  quality, 
the  latter  recalla  our  ideas  of  other  qualities  with  which 
we  wish  it  to  be  united.  The  comlnnations  which  we  thus 
form,  influence  the  mind  in  a  similar  manner  to  an  original 
impresacm.  We  can  fix  our  attention  upon  their  (charac- 
ters, and  store  them  up,  so  as  to  be  able  to  recall  them  at 
a  future  period. 
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The  ideas  cm  which  the  imagination  exercises  its  po#ers 
with  the  greatest  success,  are  thoee  urbieh  the  ueiiioiy  can 
recall  with  the  greatest  distinctness,  such  as  those  obtained 
by  the  ffid  of  the  sense  of  aght  and  touch.  But  the  ideas  pro- 
duced by  (he  impressionsof  the  other  senses,  such  ashearingi 
taste,  or  smell,  cannot  be  so  readily  recoHected,  and  at  bat 
but  obscurely ;  hence  the  imagination  cannot  operate  upon 
them  with  any  degree  of  success.  The  combination  of  the 
ideas  resulting  from  these  last  impresflions,  with  new  ob« 
jects,  is  seldom  intimate.  When,  in  works  of  fiction,  Ihey 
appear  to  be  so,  it  is  because  we  deceive  ouf  selves  with  the 
agns  €^  the  sensations,  which  we  are  able  to  combine  in 
any  mariner  we  please,  while  we  are  incapaUe  of  combin- 
ing the  ideas  which  they  represent.  ' 

By  means  of  imagination,  thus  exercised  on  ibrmer  im- 
pressions, we  are  able  to  produce  new  ones,  in  a  greater 
degree,  perfect  or  imperfect,  agreeaUe  or  disagteeiMe,  &an 
any  which  weJhave  ever  experienced. 

But  if  we  restrict  the  operations  of  imagination  to  the 
decomposition  or  combination  of  ideas  which  we  have  ac- 
tually obtained  by  sensation^  we  render  doubtftil  its  dauns 
to  rank  as  a  distinct  faculty  of  the  mind,  and  greatly  Umit 
its  usefulness  as  an  instrument  in  the  acquisition  of  know^ 
ledge.  It  is  not  misrely  a  retrospective,  but  a  pio^peetive 
power.  By  the  help  of  memory,  we  recall  past  imprearifdllB ; 
by  the  help  of  imagination,  in  the  exercise  of  thi^  second 
functimi,  we,  as  it  were,  render  future  impressions  present. 
It  is  true  that  these  pictures  of  futurity  are  fimried  c£  the 
materials  of  past  impressions,  but  they  are  dvrap  in  &  new 
state  of  combination  with  regard  to  time.  Sometimcis  they 
are  more  disagreeable  than  those  of  the  past,  when  the 
mind  is  torn  with  despair.  In  other  instances,  more  agree- 
able, when  they  are  generated  under  the  cheering  jnihience 
of  hope.    Some  of  the  pictures  of  the  imagination,  as  those 
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of  fiction,  we  never  expect  to  see  realizad ;  while  sboie 
others,  which  we  know  never  existed,  aoe  yel  confidently 
ii]itid|Mited. 

It  ift  by  BMam  of  wtajnahon  thus  eiKfetsed,  that  we 
tfrange  ouv  |diun0  of  conduct,  or  invent  now  schemes,  for 
the  emyfeymenl  of  our  time.  It  is  the  greatest  souirce  cf 
our  activity,  and  is  the  only  intsUpctnal-  faculty  wlMch  ac- 
cekvalefr  our  exertions  to  improve 

The  J4ft6tly  cddbnited  Mr  Stewakt  oonaiders  k  as  si^ 
cientJiy  evident,  **  that  hangination  is  not  asknple  power  of 
the  nriiid,  like  attention^  ooneeption,  or  abstraction,  but  that 
it  b  formed  by  a  oombinarion  of  various  faculties^''  Of 
these  ample  powers  which  he  has  csomerated,  we  have ' 
niveady  CQD»dewd  Oonoeptien  as  identical  with  Memory>, 
and  Abatiaetkm  with  Attention ;  but  it  remains  to  be 
pointed  out  wbaA  those  ftcnhaea  ave,  which,  when  oom>- 
bined,  produce  imagmation^  Attention  is  exchisirveiy  oe- 
enpied  wkh  present  impressions  ov  ideas,  .and  memory 
with  those  which  have  been.  Now,  although  the  ima^ 
gination  makes  use  of  the  materials  funushed  by  the  moL 
mory,  and  employs  attrition  while  acting  i^pon  thcnn, 
yet  it  forms  from  these  idtes  which  never  have  existed, 
and-  never  will  exist ;  or  it  form»  such  pictures  as  by 
exertion  may  be  realized,  and  bends  all  the  faculties  of 
the  nund  to  thdr  production.  Were  the  efforts  of  die 
imagination  thus  confined  to  what  bad  taken  pkoe,  tiiere 
m^t  be  room  for  consideiing  it  as  a  combination  of  atten* 
tion  and  memory ;  but  when  it  looksmto  the  future  it  ex. 
hilnts  its  peculiar  and  exclusive  oharacten  Indeed  it  is 
thia  power  of  anticnpating  the  future,  mudi  move  than  of 
acting  upon  the  reodlections  of  the  past,  that  gives  to  die 
imagination  its  rank   as  a  distinct  power  of  the  mind. 


*  Elements  of  the  Philosophy  of  the  Human  Mind,  voL  i.  p.  488. 
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Without  this  faculty  we  would  never  even  attempt  to  know 
what  a  day  mij^t  brii^  ibrth. 

The  mind  appears  to  retain,  and  the  memory  to  recall, 
both  the  retrospective  and  the  pnMpective  ideas  whidi  the 
inw^natinii  has  formed ;  and,  what  may  appear  surprisiQgy 
the  latter  with  the  greatest  readiness.  This  faculty,  like 
those  of  attention  and  memoiy,  is  greatly  improved  by  ex* 
ercise,  and  appears  in  the  greatest  degn^  of  perfection  in 
those  who  have  received  a  liberal  education,  and  habituated 
themselves  to  attend  to  their  intellectual  operations.  In 
the  savage  state,  this  £u;ulty  is  probably  chiefly  oocupiedin 
prospecuve  eSosts  to  secure  food  or  shelter. 

In  the  lower  animals,  the  Acuity  of  the  imagination  cer- 
tainly exists,  although,  from  the  imperfect  commnnicarion 
which  subsists  betwixt  us  and  them,  its  operations,  as  distinct 
from  memory,  cannot  be  traced  with  any  degree  of  certainty. 
The  pointer,  who  exhibits  impatience  to  travel  when  his 
masto:  takes  his  gun  in  his  hand,  recollects  the  pleasure  ofhis 
former  sports,  and  wishes  to  have  them  renewed.     What  is 
it  but  imagination  that  persuades  him  that  they  may  return, 
and  even  points  out  the  channel  of  their  course !   A  dog 
howls  when  his  master  is  absent,  and  will  anxiously  lookfiir 
his  return  in  particular  directions.    Here  is  anticipation  of 
a  future  event ;  and  action  founded  on  the  certainty  of  its 
occurrence.    We  have  seen  a  dog,  evidently  entertaining 
suq>icions  that  his  master  would  prevent  him  being  a  com- 
panion m  his  journey,  steal  away  unobserved,  and  wait 
on  tbe  road,  at  a  considerable  distance   from  the  house. 
Here  we  have  tbe  antidpation  of  the  master^s   going 
from  home;  iqpprehennon  of  being  detained;  the  pro- 
spect of  gradfication  from  the  journey ;  an  expectation  of 
his  master's  road;  and  the  success  which  would  crown  the 
plan ;— 4ill  of  these  efforts  of  the  imagination.     As  we  de- 
scend in  the  scale,  these  displays  of  the  imaginalion  can 
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scarcely  be  perceived,  tunkss  in  actions  which  suppose  a 
succession  of  events  similar  to  those  which  have  occurred. 

There  is  one  very  striking  difference  between  this  facul- 
ty, as  it  exists  in  man.  and  in  the  lower  animals.  With  us* 
it  is  frequently  exerted  on  speculative  truths :  In  them, 
on  present  or  future  sensations.  With  us,  sometimes  on 
things  which  we  know  will  never  happen :  With  them,  on 
things  which  the  probabilities  of  experience  warrant. 

II.  Ideas  of  Reflection. 
The  knowledge  which  we  obtain  through  the  medium  of 
our  senses,  by  means  of  the  three  faculties  whose  nature 
we  have  been  attempting  to  illustrate,  is  denominated  Ew^ 
perience.  In  acquiring  it,  the -mind  employs  the  senses  to 
collect,  the  attention  to  fix,  the  memory  to  recall^  and  the 
imagination  to  confine,  the  various  impressions  which  ex^ 
temal  objects  make  upon  us.  In  the  course  at  this  veiy 
complicated  process,  the  mind,  by  degrees,  perceives  rela- 
ticms  among  ext^nial  objects  which  were  not  discovered 
immediately  after  the  first  impressions,  and  obtains  results, 
from  an  attention  to  the  intellectual  process,  by  which  the 
limits  of  our  enjoyment  and  power  are  extended,  and  the 
senses  directed  to  proper  objects  of  examination.  In  cour 
sequence  of  this  haJ^Uual  or  occasional  attention,  we  acquire 
a  number  of  ideas,  which  do  not  resemble  those  which  have 
been  formed  directly  from  the  impressions  of  the  senses. 
These  are,  therefore,  properly  termed  Secondary  Ideas,  or 
Ideas  (if  Refieciion.  In  the  formation  of  these  ideas,  thcf 
imagination  exercises  the  greatest  influence.  They,  in- 
iWd,  arifie  from  the  unceasitig  combinations  and  decompo- 
sitions of  this  faculty,  and  might,  with  propriety,  be  termed 
Ideas  of  the  Imagination.  We  may  likewise  observe,  that 
while  they  dej)end  npon  the  condition  of  the  primary  im- 
jiressions,  and  are  subordinate  to  these,  they  are  stiU  insc- 

VOT..   I.  t 
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parably  connected  with  the  constitution  of  the  uund,  and 
are  neeessarily  formed  in  the  ooiirse  of  tta  ordinary  opera- 
tions.  We  shall  now  offer  a  few  ol)servalions  on  tome  of 
the  more  remarkable  of  these  ideas  of  reflection. 

I.  PersonoKk/. — In  the  eourse  of  attending  to  the  sen- 
sations which  external  objects  excite,  we  sptedily  discover 
that  the  perceptions  obtained  by  one  sense,  dUEer  bam  those 
procured  by  ^the  assistance  of  another,  and  that  the  percep- 
tions of  any  one  sense  differ  with  the  objects  which  excite 
them.  As  these  different  impressions  frequently  recur* 
the  mind  pecceives  their  resemblance  or  dissinulanty,  and 
be^ris  to  classify  them  by  the  aid  of  memory.  In  this 
mannert  the  primary  and  secondary  qualities  of  matter^— 
the  peculiarities  of  individuals, — ^the  genera)  character  of 
groups,-— the  relation  of  one  object  to  another,*— and  the 
notion  of  number,  are  i^t'ehended. 

Uncultivated  minds  have  not  very  correct  notions  of 
these  ideas  of  reflection :  but,  still  they  do  arise  even  in 
such ;  and,  in  various  ways,  influence  their  future  operations. 

The  inferior  animals  likewise  possess  similar  ideas  of  re- 
flection. It  is  true,,  that  they  appear  to  be  equally  acted 
upon  by  the  impressions  produced  by  the  secondary,  as 
^  well  as  the  primary  qualities  of  matters*  nor  have  we  any 
evidence  that  they  act  upon  the  distinction;  but  they 
know  that  there  is  a  difference  among  the  qualities.  They 
are,  to  a  variable  extent,  acquamted  with  them,  and  regu- 
late their  conduct  by  this  knowledge  which  they  possess. 
They  readily  perceive  changes  in  the  objects  with  which 
they  are  familiar.  They  are  acquainted  with  individuals, 
or  their  identity,  as  the  dog  is  acquainted  with  his  mas- 
ter;— with  groups,  as  in  the  case  of  the  shepherds^  dog, 
who  is  capable  of  marking  the  individual  of  a  flock  pcnnted 
out  to  him  by  hb  master,  and  steadily  pursuing  it  Even 
the  notion  of  number  is  not  unknown,  as  appears  from  the 
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wdf  omting in  bands  in  the  chace,  --and,  while aifraid  of  aU 
tacking  men  in  company,  appearing  fearless  of  the  rebifltance 
of  a  straggler. 

In  our  intei«ourse  with  the  world,  we  are  nmch  guided 
bj  our  ideas  of  personality.  We  recognise  objects  which 
we  have  formerly  examined,  and,  convinoed'of  their  iden- 
tic, confidently  expect  them'  to  be  still  possessed  c^  the 
same  qualities  we  formerly  discovered  them  to  be  invested 
with.  If  a  diange  has  taken  place  in  their  appebrsnce,  we 
expect  a  corresponding  change  in  th^  qualities.  When 
we  witness  two  iddividuals  exhibiting  similar  characters, 
we  expect  to  meet  in  both  the  same  qualities.  It  is  by 
means  of  this  acquaintance  with  individuals,  and  this  power 
of  detecting  resemblance  or  dissimilarity,  that  we  obtain 
the  greater  part  of  our  knowledge  of  ourselves  and  the 
world  around  us,  and  place  confidence  id  the  valtve  of  our 
systematical  arrangements.  But  if  much  knowledge  is  thus 
gained,  a  fruitful  source  of  error  is  established  by  the  em- 
ployment  of  whaf  is  termed  Analogy. 

Analogy  may  be  safely  employed  in  the  prosecution  of 
knowledge  or  the  bu^ess  of  life,  were  we  to  regard  the 
probabiUiy  qf  the  truth  of  Us  deductions,  to  be  directly  as 
the  resenMance  qf  tht  condition  qf  the  objects  compared. 
By  not  attending  to  this '  test  of  the  value  of  a  deduction 
from  analogy,  much  error  has  been  introduced  into  science, 
and  a  legitimate  instrument  of  philosophical  research  per- 
verted and  misapplied.  In  justification  of  the  severity  of 
our  remark,  we  may  here  quote  a  few  examples. 

It  is  well  known,  that  the  age  of  trees  can  be  determined 
with  considerable  certidnty,  by  counting  the  layers  of  wood; 
their  number  being,  in  general,  equal  to  the  years  of 
growth.  This  particular  character  of  ligneous  stems  has 
given  rise  to  attempts  to  discover  the  age  of  other  substan- 
ces which  are  composed  of  concentric  layers.     Thus,  the 

f2 


Digitized  by  CjOOQ IC 


228  PHILOSOPHY  OF  ZOOLOOY. 

number  tX  conoentiic  drcles  of  the  veitehred  and  scales  of 
fishes,  have  been  regarded,  in  the  absence  of  experience,  as 
indicating  the  age  of  the  animal  to  which  they  belong. 
Even  the  age  of  the  Earth,  apparently,  in  the  opnion  of 
4ome  geologists,  may  be  determined  by  regarding  its  strata, 
as  analogous  to  the  layers  of  growth  in  a  tree. 

'  An  anatomist  of  eminence  observed,  that  the  cells  .of  a 
piece  of  be&4X)mb  which  he  examioed  were  double  \  The 
acute  author  of  the  article,  ^^  Vegetable  Anatomy,^  in  the 
Supplement  to  the  Encydopsedia  Britannica  yields  to  the 
opinion,  that  the  cells  of  plants  are  double,  influenced  by 
this  observation  of  the  condition  of  the  cells  of  bees. 

Since  the  windpipe  of  birds  is  employed  to  oimvey  air  to 
and  from  the  lungs,— v^etable  physidogists  have  ever 
been  inclined  to  coneider  the  spiral  vessels  of  plants,  which 
have  a  remote  resemblance  thereto,  as  likewise  air»vessds,-«- 
and  much  vain  reasoning  and  idle  conjecture,  have  in  con- 
sequence been  displayed  on  the  subject. 

As  the  materials  of  the  crust  of  the  earth  are  lighter  than 
the  mean  denaty  of  the  earth,  many  geologists  conclude, 
that  the  weighty  materials  of  the  centre  must  be  metallic?, 
without  attending  to  the  condition  which  must  be  produced 
by  the  force  of  gravitation,  or  the  analogous  arrangement 
of  the  atmosphere.  Who  ever  risked  the  conjecture,  that 
the  lower  and  denser  parts  of  the  atmosphere,  were  of  a 
more  metallic  nature  than  the  higher  and  lighter  parts? 

On  what  foundation  does  the  belief  rest,  that  the  othor 
planets  are  inhabited,  but  on  that  of  analog^;  yet  the  cir- 
cumstances of  the  other  planets  are  all  different  with  re- 
gard to  the  force  of  gravity,  motion,  temperature,  and 
light.  Their  inhabitants,  therefore,  if  such  exist,  must  be 
unlike  us  in  physical  constitution  at  least, — ^neither  bone  of 
our  bone,  nor  flesh  of  our  flesh. 


*  Mem.  Wern.  Soc.  ii.  p.  259 
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I  have  thus  exhibited  a  few  examples  of  penrerted  aiuu 
logy,  amidst  many  others  equally  obvious  which  might 
have  heea  produced.  The  science  of  zodogy  aboimds 
with  them.  I  have  already  referred  to  a  few,  and  shall 
have  oocaaon  afterwards  frequently  to  return  to  the  sub-^ 
ject. 

The  inferior  animals  are,  in  many  cases,  deceived  by  ana- 
logy, as  in  the  case  of  Aatto,— considering  the  identity  as 
perfect,  when  there  are  only  a  few  points  of  resemblance. 

2.  Time.*— It  is  probable  that  our  notion  of  Time,  is 
derived  from  a  comparison  of  the  succession  of  our  ideas,  as 
they  spontaneously  or  voluntarily  pass  through  the  mind, 
with,  the  succession  of  impressions  produced  by  external 
objects.  In  looking  at  the  commencement  and  conclusion 
of  a  change  in  one  body,  as  the  hour-hand  of  a  clock,  we. 
find,  that  before  it  can  exhibit  a  sensible  change  of  plaoe^ 
several  ideas  can  pass  through  the  mind ;  but  in  the  case 
of  a  cannon  ball,  an  obvious  change  of  place  has  been  pro^ 
duced  before  a  single  idea  can  be  contemplated  by  the. 
mind.  The  one  moves  slower^  the  other  faster  than  thou^t. 
Our  ideas  of  time  and  motion^  therefore,  are  coteihporary. 
The  rapidity  with  which  the  mind  performs  its  intellectual 
processes,  diifers  among  men  in  different  individuals^  and  in 
the  same  individual  at  different  times,— *an  interesting  idea 
being  contemplated  much  longer  than  one  to  which  we  are 
indifferent     The  succession  of  ideas  therefore  is  irregular. 

The  standard  of  time  is  sought  for  in  the  succession  of 
changes  of  the  material  world.  In  an  uncivilised  state, 
man  employs  as  his  chronometer,  the  motions  of  the  heaven* 
ly  bodies,— the  changes  of  day  and  night,— the  seasons,—* 
the  moon,— end  the  tides. 

•    The  inferior  animals  evidently  have  a  knowledge  of 
time.     Those  which  leave  a  particular  dwelling  at  stated 
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inten^als,  measure  the  distance  they  ought  to  travel,  and 
retium  mth  regularity  to  thar  home.  The  sun  appeals  to 
be  dieir  great  regulator^  as  they  are  influenced  by  the 
changes  which,  take  place  with  his  light  and  heat.  Fishes, 
and  other  animals  which  live  in  the  sea,  or  .seardi  for  food 
on  its  shores,  appear  to  regulate  themselves  by  the  motions 
of  the  tide.  The  regularity  of  the  crowing  of  the  code  has 
been  long  admired,— but  it  appears  difficult  to  point  out 
the  measure  of  time  by  which  it  is  governed. 

Man  alone  has  devised  artificial  plans  for  measuring 
time,-— in  the  employment  of  dials,  depsydrse,  sand-glasses, 
docks  and  watohes. 

By  attending  to  the  suocesaon  of  past  events,  and  find* 
ing  our  anticipations  frequently  realised,  we  begin  to  finm 
some  notions  with  r^ard  to  futurity,  and  by  imagining  a 
continued  sucbesoon,  we  acquire  our  ideas  of  eternity,  if 
we  can  be  said  to  have  any  distinct  ideas  on  the  subject 

The  notions  of  future  time,  in  all  probability,  exist 
wherever  there  are  notions  of  past  time,  and  bear  a  eo- 
ordinate  d^^reeof  distinctness.  In  this  respect,  man  is 
unquestionably  superior  to  the  brutes,  as  he  exerases 
himself  more  frequentiy  in  measuring  time,  and  devises 
more  complicated  plans  for  his  future  comfort  But  the 
brutes  are  not  ignorant  of  future  time,  as  many  of  their  a&* 
tions  dearly  testify,  in  the  prospective  efibrts  of  thdr  ima- 
gination, already  noticed.  A  fox  or  a  dog  possessed  of 
more  food  dian  is  necessary  for  the  supply  of  present  wants, 
conceals  the  remiunder  until  again  urged  by  the  calls  of  hun- 
ger. The  ermine  will  conceal  a  number  of  eggs  in  a  par- 
ticular place,  and  return  at  intervals  to  its  magazine. 

8.  Pcw^r.— Were  we  merely  inactive  spectators  of  the 
changes  which  take  place  in  the  world,  it  is  probable  that 
the  ideas  of  reflection  whidi  would  result  from  the  con- 
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teBipIation  of  thefle,  would  be  limited  to'resemblaQce  and 
Buccetuon.  But  as  we  begin  to  act  upon  the  objects  around 
us,  and  .produce  in  theia  various  changes,  we  acquire  a 
knowledge  of  okxc  own  Power.  When  we  see  changes  pro- 
duced independent  of  us,  we  consider  it  as  the.  display  of 
sonaeodier  power.  These  changes,  and  the  efibrto  which 
have  preceded  them,  exdte  our  ideas  of  cause  and  effect, 
mesas  and  ends. 

That  the  lower  aninuds  possess  some  notion  of  power  and  of 
cause  and  effect,  may  be  inferred  from  various  actions  which 
they  perfiMrm.  Thus,  £br  example,  we  have  seen  the  hood- 
ed crow  fCanms  comuCfJ  in  Zetland,  when  feeding  on  the 
testaceous  moUusca,  aUe  to  break  some  of  the  tend^^r  kinds 
by  means  of  its  bill,  aided,  in  some  cases,  by  beating  them 
against  a  stone ;  but  as  some  of  tbe.iarger  shells,  such  as  the 
buckle,  (Muccimsm  undahsan^)  and  the  wilk,  cannot  be  bro- 
kjsa  by  such  means,  it  employs  another  method,  by  which, 
in  oonseqiienoe  of  iqfiplying  foreign  power,  it  accomplishes  4ts 
object  Seizing  the  shell  with  its  daws,  it  mounts  up  mto 
the  air,  and  then  loosing  its  hold,  causes  the  shell  to  fall 
among  stonc^  (in  preference  to  the  sand,  the  water,  or  the 
soil  on  the  ground,)  that  it  may  be  bn^n  and  give  easier 
access  to  the  contained  anioiaL  Should  the  first  attempt 
fail,  a  soGond  or  a  third  are  tried,  with  this  difference,  that 
the^sow  rises  higher  in  the  air  In  order  4x>  increase  the 
power  of  the  fall,  aiid  more  effectually  r^nove  the  barrier 
to  the  contained  morsd.  On  such  occasions,  we  have  seen 
a  stronger  bird  remain  an  apparently  inattentive  spectator 
of  the  process  vof  breaking  tJbe  shell,  but  coming  to  the  spot 
with  astonishing  keenness,  when  the  efforts  of  its  ndghbour 
had-  been  successful,  in  order  to  share  in  the  spoil  *.     Ani- 


•  Pennant  Brit.  Zool.  iv.  p.  1  i  4.  mentions  »«imilar  bperations  perlbnned 
by  ctowt  on  nruMelti. 
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mala,  in  general,  seem  to-have  a  toleraUy  correct  notkm  of 
their  own  powers,  as  we  do  not  often  see  them  attempCiiig 
to  accomplish  objects  for  whidi  thor  strength  is  inadequate. 
Thus,  we  have  seen  a  pointer  which^  if  a  hare  was  wound- 
ed, would  pursue  with  the  utmost  keenness,  but  if  other- 
wise,  would  witness  her  escape  ^thout  exertion.  It  is  the 
knowledge  of  the  variety  of  power  which  sometimes  makes 
a  horse  run  away  with  a  bad  rider^  when  he  would  not  even 
make  the  attempt  with  a  good  one. 

4  Truth. — Though  many  have  endeavoured  to  give  a 
satisfactory  answer  to  the  question,  <*  What  is  Truth  F* 
few  have  succeeded  in  the  attempt  The  failure,  we  ap- 
prehend, has  in  a  great  measure  arisen  from  the  variety  of 
'  meanings  attached  to  the  term,  and  the  impossiluUity.of 
giving  a  definition  which  shall  include  the  whole,  indepen- 
dent altogether  of  our  limited  acquirements.  Tjius,  truth 
is  by  some  ccmsidered  as  opposed  to  falsehood,  by  others 
to  ignorance,  and  by  many  to  duty.  At  present,  we  shall 
consider  Truih  as  expressing  the  actual  existence  of  things. 

Our  knowledge  derived  from  the  impressions  made  on  the 
'  senses,  and  from  reflection,  or  experience,  is  to -every  one 
the  standard  by  which  he  judges  of  truth*  In  consequence 
of  the  origin  of  this  idea  of  reflection,  a  thing  may  be  true, 
which)  from  experience,  we  cannot  affirm ;  or  false,  which 
we  cannot  deny. 

In  the  acquisition  of.  truth,  we  are  aided  by  Experience 
and  Testimony. 

(a.)  Eivperience.'^The  value  of  the  information  fumislw 
ed  by  experience,  must  necessarily  depend  on  the  success, 
ful  employment  of  the  various  instruments  of  our  percep- 
tion  and  powers  of  reflection,  Man  appears  to  attend  to 
the  exercise  of  those  powers  with  greater  intensity,  and  to 
vary  and  repeat  the  operations  which  they  perform  more  fre- 
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quentlj,  than  the  inferior  animals.    His  knowledge  of  trutb 
from  experience  must,  consequently,  be  more  extensive. 

The  belief  which  arises  in  the  mind  from  the  testimony 
of  experience,  is  the  most  secure  and  permanent,  and  upon 
which  all  act  witJi  unresened  confidence.  So  rapidly  does 
the  mind  judge  in  such  cases,  that  the  evidence  is  said  to 
be  intuitive^  Here  the  memory  renders  powerful,  assist*^ 
ance. 

The  indications  of  experience,  however,  may  deceive,r 
since,  as  I  have  already  pointed  out,  the  senses  frequently 
communicate  impressions  which  do  not  correspond  with  tlie 
actual  state  of  things,  and  the  mind,  by.  employing  these 
materials,  may  arrive  at  very  erroneous  condusions.  In 
these  cases,  when  there  is  no  chance  of  deception,  the  cx>nfi- 
dence  in  experience  is  unlimited,  and  to  these  the  phrase> 
intuitive  evidence  ought  to  be  restricted.  In  other  cases, 
we  do  not  entertain  such  firm  belief,  until  by  repeated  trials 
¥re  have  satisfied  ourselves  that  all  sources  of  error  have 
been  avoided. 

The  inferior  animals  possess  a  knowledge  of  truth,  but 
in  a  more  limited  degree  than  roan.  They  <io  not  direct 
th^r  organs  of  perception  to  so  many  objects,  or  examine 
the  same  object  under  such  a  variety  of  aspects.  But  that 
they  possess  much  knowledge  derived  from  experience,  all 
will  be  ready  to  admit,  who  have  traced  the  operations  of 
memory  which  they  exhibit.  Besides,  we  witness  its  dis- 
play  in^  the  caution  of  an  old  horse,  in  comparison  of  a 
'  young  one, — and  of  the  older  animals  which  we  wish  to  en- 
snare, compared  with  the  more  ignorant  ones  whkh  more 
easily  fall  into  our  hands.  The  absence  of  experience  en- 
ables us  to  deceive  the  latter ;  its  presence  in  the  former, 
teaches  them  to  avoid  the  error.  . 

From  the  knowledge  which  the  mind  possesses  of  time 
and  power,  aided  by  experience,  we  confidently  expect  that 
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the  same  event  shall  take  place  in  the  aame  cueninstanoeB ; 
but  when  there  is  any  dumge  in  the  drcumstanoes,  we  ex- 
pect the  event  with  leas  certainty,  and  our  oofoGdsace  is  • 
weakened  with  the  extent  of  the  change* 

(ft.)  TVj^imony.— Experience  is  the  rmilt  of  our  own 
efforts  to  attain  truth :  Testimony  is  the  medium  l^  which 
we  become  acquainted  with  the  knowledge  or  truth  of 
others.  Our  confidence  in  the  truth  of  the  testimony  of 
others,  depends  on  its  oonfiMrmity  to  our  own  experienoe, 
«nd  the  usual  agreement  of  facts  with  the  report  of  witoea- 
ses.  Beodes,  the  signs  which  we  generally  eioploy,  rqire- 
sent  the  ideas  whidi  we  have  formed,  and  we  suf^poee  that 
others  employ  signs  in  the  same  manner. 

In  early  life,  we  give  ready  assent  to  any  statement,  be- 
cause,  not  being  aware  of  the  difficulties  of  ascertaining  the 
truth,  and  ignorant  of  the  piccess  of  dissemUuig,  we  draw 
conclusions  from  the  testimony  of  odiers,  in  the  same  hasly 
and  incautious  manner  as  we  do  from  the  evidence  of  our 
own  senses. 

Yfhexk  experience  has  convinced  us  that  our  senses  fre- 
quendy  give  us  false  infinvnation,  we  become  more  caiuious 
in  admittii^  the  evidence  of  others,  until  we  are  satisfied 
that  th6y  were  noi  deceived. 

In  the  course  of  our  experience,  we  find  that  £^  ap. 
peanmces  deceive  ouradves,  and,  from  various  causes,  we 
perceive  that  they  are^onployed  to  deceive  other&  The  na- 
tural result  of  this  information,  is  a  diffidence  in  testimony, 
until  we  are  satisfied  that  th^pe  is  no  attempt  t^  deceive. 
'Still  more  extensive  experience  and  reflection  strengthen  the 
diffidence,  by  making  US' acquainted  with  the  ambiguity  of 
the  ngns  which  are  employed  in  communicating  the  expe- 
rience of  others. 

When  once  we  are  .satisfied  that,  having  guavderi  against 
all  sources  of  en^or,  we  have  asi^rlained  the  tnith,  no  op. 
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poflii^  testimony  will  be  admitted,  as  w^  fnresutne  that 
others  have  not  exercised  the  same  d^ree  of  caution.  But 
if  our  belief  is  founded  on  evidence  which  appears  imper* 
feet,  and  the  behef  of  others  on  evidence  which  would  have 
been  regarded  by  us  in  similar  circumstances  as  complete, 
we  are  disposed,  ^after  exercising  tlie  necessary  precautionsr, 
to  admit  their  testimony,  even  in  ^reference  to  our  own  ex- 
perience. Our  confidence  in  all»%ises  in  the  testimony  of 
others,  increases  with  their  number. 

Much  of  the  truth,  with  which  we  consider  ourselves  ac» 
quainted,  is  derived  from  the  experience  of  others.  With- 
out  the  assistance  thus  obtained,  our  opnions  would  often 
be  ill  founded  for  want  of  a  standard  of  comparison,  and 
by  neglecting  to  exerdse  sufficient  caution  in  attending  to 
the  evidence  of  the  senses. 

Among  the  inferior  animals,  there  are  some  species  which, 
during  life,  are  solitary  and  fixed  to  the  same  spot,  as  the 
oonunon  oyster.  These  can  derive  no  information  from  the 
testimony  of  others.  Their  knowledge  of  external  objects 
must  be  limited  to  the  results  of  their  own  sensations.  But 
in  the  case  of  all  monogamous  or  polygamous  animals, 
whether  gregarious  or  otherwise,  a  considerable  dependence 
is  placcjd  on  the  testimony  of  others  in  a  variety  of  circum* 
stances.  Thus,  in  the  case  df  wild  geese  or  crows  feeding 
in  a  field,  the  knowledge  of  approaching  danger  observed 
by  one,  is  qieedily  communicated  to  the  whole,  who  imme- 
diately act  upon  the  infinrmation. 

Errors  in  testimony,  among'  the  kwer  animals,  are  fine- 
quently  committed,  as  the  result  of  erroneous  information 
or  experience.  Thus,  a  cock  will  often  give  warning  of 
danger  to  the  hens  under  his  charge,  if  a  pigeon  flies  rapid- 
ly over  Ms'head^  mistaking  it  for  a  rapacious  bivd.  In 
other  cases,  the  sentinel  may  be  deceived  by  false  appear- 
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onces,  and^  oonsideriiig  that  there  is  nq  danger  approaching, 
&il  to  do  his  duty  *. 

There  are  few  instances  of  attempts  to  give  false  testi. 
mony  among  the  inferior  animals,  which  do  not  appear  to 
arise  from  the  impulse  of  the  instinctive  rather  than  the 
intellectual  powers.  The  Fox,  however,  in  a  tamed  state, 
will  oflen  scatter  food  ii^in  the  reach  of  his  chain,  and 
then  Remain  motionless  Wtil  an  unwary  chicken  approach- 
es the  cunning  observer.  This  is  an  attempt  to  deceive, 
not  so  much  by  scattering  about  food,  as  by  lulling  asleep 
all  suspicion  by  his  quietness. 

5.  Ihity, — In  the  examination  of  our  idea  of  reflectioti 
with  respect  to  Duty,  moralists  have  not  unfrequimtly  mix- 
ed with  their  speculations  the  notions  which  they  entertain 
regarding  truth.  Our  ideas  of  reflection,  however,  in  re- 
ference to  truth,  differ  from  those  of  duty,  in  the  manner 
in  which  they  are  acquired,  the  standards  by  which  we 
judge  of  their  accuracy^  and  the  kind  of  belief  to  which 
diey  give  rise. 

*  Dr  £dmond8tox  in  his  ^<  View  of  the  Zetland  Islands^^  gives  a  veiy 
striking  illustration  of  this  neglect  of  the  sentinel,  in  his  remarks  on  the 
Shag.  ^  Great  numbers  of  this  species  of  the  conrorant  are  sGOietlmes 
taken  during  the  night  while  asleep  on  the  rocksi  and  the  mode  of  accom- 
plishing it  is  very  ingenious.  Large  flocks  sit,  during  the  ni^t,  on  project* 
ing  rocks  of  easy  access,  but  before  they  conmiit  themselves  to  sleep,  one  or 
two  of  the  number  are  appointed  to  watch.  Until  th^se  sentinels  are  secur- 
^  it  is  impossible  to  make  a  succetoAil  itnpressioik  oA  the  main  body ;  and 
lo  slUrpnse  thein,  is  therefore  the  first  ol^ject.  With  this  view,  the  leader  of 
the  expedition  creeps  cautiously  and  imperceptibly  along  the  rock,  until  he 
get  within  a  short  distance  of  the  watch.  He  then  dips  a  worsted  glove  in 
the  sea,  and  gently  throws  water  in  the  face  of  the  guard.  The  unsuspect- 
ing bird,  either  distiklngthe  impression,  ot  fimcying  from  what  he  conceives 
to  be  a  disagreeable  state  of  &e  weather,  that  all  is  quiet  and  safe,  puts  his 
head  slsounde^  his  wing  and  soon  ftlls  asleep.  His  neck  is  then  immediately 
broken,  and  the  {Nurty  dispatch  as  many  iu  th^  choose.*'    VoL  ii.  p.  253b    , 
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Our  notions  of  duty  are,  in  but  few  instances,  the  result 
of  experience,  being  in  general  deriyed  from  testimony^ 
Our  standard  depends  less  upon  the  infonnation  of  the 
senses  than  the  dictates  of  others,  and  the  belief,  which  is 
the  consequence,  may  be  eaaly  overruled.  The  dictates  of 
truth  are  universal  and  irresistible ;  those  of  duty  are  par* 
tial  and  variable. 

In  the  prosecution  of  the  objects  of  existence,  and  in  at- 
tempting to  supply  the  wanUs  of  our  nature,  we  soon  disco^ 
ver,  that  when  we  enter  certmn  sityadons,  or  perform  par-^ 
ticular  actions,  we  secure  happiness  or  success,  wlule  by  ne^ 
glecting  to  attend  to  these  condiuons,  we  entail  upon  our« 
wives  pain  and  disappointment  In  many  oas^  our  infor- 
mation respecting  what  will  be  hurtful  or  advantageous,  i& 
derived  from  the  testimony  given  by  others  of  tlieir  experi* 
ence.  In  consequence  of  these  suggestions  of  experience 
and  testimony,  we  conclude,  that  we  ought  to  observe  the 
necessary  degree  of  precaution.  We  likewise  witness  cer^ 
tain  actions  which  we  perform,  hurtful  or  useful  to  others, 
and  we  conclude,  employing  our  own  feelings  as  the  stand* 
ard,  that  we  ought  to  avoid  those  which  are  injurious,  and 
execute,  willingly,  those  which  are  beneficial.  By  degrees, 
we  thus  acquire  our  notions  of  duty,  which  greatly  influ-' 
ence  our  conduct 

In  the  course  of  fart)ier  advances  in  the  road  of  life,  we 
find  tlie  scene  changing  so  frequently,  and  the  conditions  in 
which  we  are  placed  so  variable,  that,  for  the  accomplish^ 
ment  of  the  same  end,  we  must  employ  means  different 
from  those  we  formerly  made  use  of;  or,  in  other  words, 
the  action  which  it  was  our  duty,  on  a  former  occasion,,  to 
perform,,  has  now  become  unnecessary,  or,  from  the  change 
of  circumstances,  unsuitable.  When  these  changes  occur, 
in  reference,  merely  to  our  own  success  or  liappiness,  we 
consult  Analogy,  our  own  experience,  or  that  of  others. 
When  the  happiness  or  success  of  others  arc  involved,  it 
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IS  cHBeril  to  point  out  the  principles  by  whidi  we  wouM  be 
^ided,  tinlew  the  gdden  rule  be  eonndered  as  one  of  the 
natund  stoidards  of  duty, — "  All  tUngs  whatsoever  ye 
woald  that  men  should  do  to  you,  do  ye  even  so  to  them.'" 

To  ascertain  our  duty  would  be  an  easy  task,  were  die 
niHid  always  to  puursue  so  straight  a  course.  But  we  oAen 
act  in  direct  opposition  to  those  rulel^  of  conduct  whicb  we 
have  previously  established.  Experience  tells  us,  that  th^ 
oonduct  c{  others  is  equally  conastent  as  our  own.  By 
persevering  in  this  perverted  oourse,  we  destroy  that  stand- 
ard'which  our  own  experience  had  erected,  and  act  upon 
another  which  we  would  formerly  have  ecmndered  imper- 
feet  and  foolish.  By  habit  or  custom,  our  notions  of  duty 
are  thus  changed,  converting,  with  respect  to  our  conduct, 
evil  into  good,  and  good  into  evil. 

Duty,  according  to  the  preceding  remarks,  conmsts  in 
employing  the  most  efRcadous  means  to  secure  die  greatest 
quantity  of  enjoyment,  and  to  avoid  every  degree  of  pain. 
That  the  discovery  of  duty  is  an  intellectual  process,  is  ob- 
vious from  the  variety  of  opinions  vdiich  have  been  enter- 
tained  on  the  subject ;  the  variable  influence  which  these 
opinions  exerdse  over  the  will ;  and  the  effiirt  required  to 
comply  with  them. 

When  a  standard  or  rule  of  duty  is  proposed  to  us,  we 
judge  from  experience,  testimony,  and  analogy,  of  its  suita- 
bleness, --  and  if  embraced,  we  ever  after  condemn  any  con- 
duct which  is  in  opposition  to  it,  (although  we  commit  it,) 
and  continue  to  do  so,  imtil  a  more  perfect  standard  has 
been  proposed  and  rec^ved. 

By  the  help  of  memory,  we  acquire  an  astonishing  quick- 
ness  of  percaving  whether  we  act  conformably  or  opposite- 
ly to  this  recaved  standard.  We  feel  pleasure  in  the  cme 
case,  and  pain  in  the  other;  both  of  which  are  encreased 
according  to  our  notions  of  the  value  of  the  standard  by 
which  we  try  ourselves.     To  the  operations  of  the  memory 
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in  such  cases,  theologians  spfij  the  term  Conscience,  and 
others,  the  Moral  Sense. 

The  question,  then.  What  is  Duty  ?  in  reference  to  its 
rules  or  standard,  is  one  of  very  difficult  solution,—- or  i»* 
ther,  is  one  which  unassisted  reason  cannot  resolve.  If  we 
toke  the  question  in  detail,  and  ask.  What  will  be  accept- 
able  to  the  Su{Mrenie  ?  the  Hindoo  devotee  will  say,  to  fall 
under  the  wheels  of  the  moving  temple  of  the  god  Jug- 
gemauth,  and  be  crushed  to  death,  or  to  dr&wn  himself  in 
the  Jumnah  at  its  junction  with  the  Ganges.  What  is  the 
duty  of  children  to  their  aged  parents  ?  Some  will  say,  to 
nourish  and  comfort  them,  others  to  expose  them  to  hunger 
and  death.  What  treatment  ou^t  the  mother  to  bestow 
on  her  new  bom  babe  ?  The  wives  of  Madagascar  will  say, 
those  that  are  bom  in  the  months  of  March  and  April,  in 
the  last  week  of  every  month,  and  on  all  the  Wednesdays 
and  Fridays  of  every  week,  ought  to  be  exposed  to  perish 
with  hunger,  or  cold,  or  be  devoured  by  the  wild  beasts* 
We  could  easily  swell  the  proofs  of  the  variableness  of  the 
human  standards  of  duty, -^and  although  all  are  convinced 
that  there  is,  or  ought  to  be  a  standard,  they  differ  with 
respect  to  its  character.  This  <&play  of  a  moral  deficiency 
or  want  in  our  nature,  is  the  strongest  proof  that  can  be 
urged  for  the  necesaty  of  a  revelation*  The  Christian 
religion  supplies  thb  moral  want,"-and  furnishes  a  stand- 
ard  which,  if  observed,  would  make  all  men  in  every  con- 
dition happy,  exalted  and  wise. 

The  divine  original  of  Christianity  may  be  almost  de» 
monstrated,  from  the  circimistance  of  its  containing  an  ac-^ 
oornit  of  our  own  imperfections,  whose  existence  human 
partiality  would  nev^  have  discovered,  nor  human  pride 
acknowledged.  What  is  it  but  this  partiality  whi  chin- 
duoes  numy  to  believe  in  the  existence  of  an  active  power^ 
temed  a  Moral  Sense,  the  origin  of  moral  obligation  ?-*— 
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*^  the  least  violation  o(  whose  authority  fills  us  with  r&. 
morse  ;""  "  and  the  greater  the  sacrifices  we  make,  in  obe- 
dience to  its  suggestions,  the  greater  are  our  satisfaction 
and  triumph.^ 

Were  this  representation  true,  it  would  exhibit  a  very 
gratifying  picture  of  the  moral  dignity  of  our  race.  But, 
alas !  if  this  moral  faculty  exists,  it  is  in  general  too  feeble 
in  its  operations  to  influence  the  conduct,  neither  prompt* 
ing  us  to  avoid  this  pictured  remorse,  nor  to  grasp  at  tbis 
imaginary  triumph. 

Among  the  lower  animals,  we  do  not  observe  any  instan- 
ces of  their  acting  contrary  to  their  experience.  In  a  do- 
mesticated state,  where  laws  have  been  imposed  upon  them, 
they  obey  from  various  motives ;  the  prospect  of  rewardy 
tlie  dread  of  punishment,  and  ultimately  habit.  They  are 
aware  of  the  conformity  or  disagreement  of  their  actions,  to 
the  standard  by  which  they  are  tried.  Examples  of  this 
kind  of  knowledge  are  daily  exhibited  in  the^Ox,  Horse, 
and  Dog. 

6.  2>6«/y.— From  the  displays  of  our  own  power  and  that 
of  others  in  the  production  of  motion^  we  are  led  to  attend 
to  the  changes  which  take  place  around  us,  a\the  marks  of 
some  other  power  ;  and  by  witnessing  the  variety  of  nKan» 
which  are  employed  in  the  accomplishment  of  these  various 
alterations,  and  the  regularity  which  they  exliibit  in  their 
succession,  we  arrive  at  the  conclusion,  that  a  Being,  sape^ 
rior  to  man  in  power  and  \visdom,  exists,  and  continually 
exerts  an  influence  on  the  surrounding  world. 

So  simple  is  this  effort  of  the  mind,  and  so  eaaly  excited 
by  the  smallest  degree  of  reflection,  that  the  belief  in  a  Sn- 
lienor  Being  may  be  oonsidered  as  universal  among  man« 
kind.  Nations  may  be  found  who  have  scarcely  devised 
signs  to  express  their  ideas  on  thiH  subject,  and  over  whom. 
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their  notions  of  Daty  may  exerase  little  oontroul ;  but  we 
can  scarcely  believe  it  posable  for  man  to  exist  in  any  stage 
of  society,  without  being  furnished,  by  the  natural  opera- 
tions of  his  mind,  with  the  first  principles  of  religion. 

Along  with  the  progress  of  civilization,  and  consequent 
habits  of  reflection,  we  find  this  religious  feeling  extending 
itself,  until  an  effort  is  made'to  hold  intercourse  with  the 
Supreme  by  prayers  and  sacrifices. 

There  is  no  evidence  to  prove  that  the  brutes  have  any 
idea  of  a  Supreme  Being. 

II.  Instinctive  Pqwers. 

The  impressions  wluch  are  made  upon  us  by  external 
objects,  or  the  ideas  of  reflection  suggested  by  memory, 
when  they  are  the  subjects  of  our  intellectual  powers,  do 
not  necessarily  lead  to  any  controul  over  the  body  in  ccm- 
seqiienoe  of  an  act  of  volition.  Between  impression  and 
action,  there  is  always  a  process  of  thinking,  varying  greatr 
ly  in  its  nature  and  duration,  according  to  the  sul]gect,  but 
absolutely  necessary  to  connect  the  one  with  the  other. 

In  the  powers  which  we  are  now  to  oonader,  the  case  is 
very  different  H&re  action  follows  impression  ifamediaiefy. 
There  is  no  thinking,— no  deliberation..  There  is  likewise 
a  difference  in  the  nature  of  the  action  in  the  two  cases. 
There  is  an  effort  required  to  perform  that  which  is  the 
result  of  the  intellectual  process,— whereas,  the  action 
which  follows  in  reference  to  our  instinctive  powers,  is 
spontaneous^  or  rather,  it  requires  an  effort  to  resist  obe- 
dience to  the  impulse. 

As  the  impressions,  in  the  case  of  the  intellectual  powers^ 

are  variously  modified  by  the  thinking  process,  the  oorre. 

spending  actions  exUbtt,  in  their  character,  a  great  degree 

of  variety.     The  impressions  in  'the  case  of  the  instinctive) 

voi.^  I.  Q 
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poMTors^  sufEenng  m,  intenoftediale.  nK)dific»li^ 
actiOBft  chamctensed  by.  great  vmSenoky. 

In  maDy.cafles,  when  an  jntpres^oA  is  pppodiioed  upo^us^ 
which,asbeloi]giiig  to  theiostinctive  powers,  wouldhave  beeft 
foUnwediby  action,  the  intellectuai .  powers  interpose  their 
controul^  and  the  impressioB  is  surveyed  befoie.actioft  ia  per^* 
m&ted.  But,  as  might  have  been  expected,  such  actioa  b 
less  varied,  than  when  ori^nally  the  result  id  an  intcUec* 
tual  process,  but  more  irregular'  than  in  those  caaoS:  in 
which  impression  and  action  follow  instantaneQusly.  In 
the  one  case,  the  action  is  modified,  by  the  impression,— in 
the  other,  by  the  changes  the  impression  has  undergone  by 
thoughts 

The  powers  to.  which  we  are  now  ibrecting  our  attenftioDy 
are  usually  denominated,  by  the  writers  on  the  scienoeof 
mind,  active  powers.  To  this  appeUation»  howevor, 
there  are  strong  objecticms.  There  are  oChev  powers  whidi 
excite  to  action,  inseparably  connected  with  our  oonatit»- 
tion^  wliichdo  not  belong  to  this  class.  Some  actioiis  are 
produced  by  irritability,  of  which  we  are  not  oenscioiMii  Ac- 
tion is  likewise  prodaced  by  the  information-obtained  by  the 
senses^  through  the  medium^  of  thou^t,-«-or  in  oonsequeooe 
of  the  ideas  of  reflection  which  spontaneously  arise  ia  the 
mind.  Hence  the  difference  between  the  intellectual:  and  i»« 
stinctive  powers,  is  not  so  distinctly  marked  in  the  acts  of 
voUtion  as  in  the  manner  in  whidi  these  acts  are  excited. 
It  ift  with  a  ^ew  to  <avoid  aH  ambiguity  on  the  subject,  liuit 
we  have  ventured  to  substitute  the  term  instincU'Be. 

Much  confusion  has  arisen  by  the  vague  use  of  die 
terms  Instinct  and  Reason,  and  much  vain  speculation  has 
been  indulged;  in  consequence  of  no  disdnct  and  definite 
ideas  bdng  attached  ta  them.  No  confuskm,  however, 
could  arise^  were  we  to  consider  recuon  as  expressing  the 
movements  of  our  Intellectual  powers, — and  itutinct^  those 
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wIMiiiafvfaitlifartabeeB  termed  Attivr^  Tht  ptmpriety 
of  vestiicdng'tlis  teito  Instbiet,  in  the  manner' now  don^ 
will  brrtendercfd  evidenft,  In  our  enimemtioii-of  InstinoU 
or  Active  Powenk 

In  attteding  t»  our  inMxactive  powers,  we  shall  fiAow^ 
the  onKnarydiifisicm  iito  Appetites,  Desires^  and  ABSto^ 
tiona.  These  include  all  the  active  principles,  whose  origin 
eaanotbe  traced  to  tkoee  intdlectual  powers^  ortheir're- 
sults,  whkh  w^  hatenbeady 'enittneratcd. 

Appktit£8. 

Tlie  instnctive  powers  termed  Appetioes,  ave  essentially 
requinte  far  this  snbsistenoe  of  the  indfvidoal  and  the  dn^ 
dniMliDn'oftheraee/  They  excite  ta  action  at  partioidar 
p6riods,-^^€»e  preodded  by  an  uneasy 'fe^Hg,  yield  much 
comftnt  during  their  gtatificataon,  and  cease'  to  act  when 
the'objeet  has  been  attained.  They  mi^  be:  regarded  as 
three  in  numblsr.    Fodd,^-^RM,^iMaid  Pioctf«etion. 

1.  JppeHtBfoT'Food.'^AMAe  different  parld  of  the  body  ^ 
from  ii»  moment  of  Urth  to  th^  close  of  existMince,  stand 
in  need  of' freqaent^  repair;  ami  as  nourishiient  for  tfaii 
purpose  is  indispensaMy  necessary,  annnals  are  notlefkto 
obtain  a  knowledge  of  these  dreumstances  fiyim'  observa- 
tion, nor  to  supply  then*  wanti  by  the  dictates  of  expevi: 
ence.  They  aie  impdied  by  fe^ngs  which  arise  at  th^ 
suitable  periods,  toexert  themselves  to  emj^y  thdr  pecw- 
liar  oigans  in  the  most  advantageous  manner*^  This'ap* 
pedte,  theiefoie,begina  to  aet  at  buth,  and,  during  the  coD« 
timwne  of  life,  execotea  its  movements  nearly  on  a  uni* 
fom  plan. 

Amaog  the  greatfter  munber  of  animals,  the  appetite  for 
food  is  directed  in  every  period  to  nearly  the  same  sub* 

at 


Digitized  by  CjOOQ IC 


844  PHILOSOPHY  OF  ZOOLOGY. 

sUmoe,  with  this  modifieation,  that  soft  subgtanoes  are  pre* 
ferred  in  youth.  In  the  mammalia,  the  appetite  ia  directed 
to  liquids  akme,  the  milk  of  the  mother,  in  the  first  periods 
of  existence,  and,  afterwards,  to  a  mixture  of  solids  and 
fluids.  Yet. this  instinctive  power  regulates  with  equal 
success,  in  these  diferent  periods,  the  diomilar  movements 
cf  sucking  and  chewing. 

In  many  animals,  such  as  the  mammalia,  the  nounsh- 
mentof  the  first  period  of  lifis  is  provided  by  the  parents,  so 
that  all  the  exertion  necessary  for  this  instinctive  power  to 
make,  is  confined  to  the  proper  employment  of  the  food  thus 
brou^t  within  the  reach  of  the  siutable  <»gans.  But, 
withmaay  other  animals,  the  case  is  widely  different  They 
are.brought  forth  in  situations  where  there  is  no  parent  to 
assist  this  appetite,  nor  food  provided  for  its  supply.  In 
such  cases,  this  instinct  must  execute  more  oomplicaled 
movemoits,  and  lead  the  indiinulual  to  those  places  where 
food  is  to  be  obtained,  and  afta*wards  direct  thecboioe.  It 
is  this  influence  that  guides  the  caterpiUar  to  the  lei|f,— the 
duckling  to  the  pool,  and  the  samlet  to  the  ocean. 

Under  the  controul  of  this  appetite,  and,  prior  tp  all  ex- 
perience, each  species  is  directed  to  sedL  the  kind  of  food 
which  afibrds  it  the  most  suitable  nouridunent,  and  to  shun 
that  which  wouM  be  deleterious.  Thus,  in  looking  at  a  pas- 
tured field,  we  observe  that  there  are  some  plants  whicb  are 
lefl  untouched,  while  others  are  cropped  to  the  ground.  But 
as  the  tastes  ci  animals,  in  this  reqpect,  are  exceedingly 
various,  we  observe  that  what  is  Mt  untoudied  hyoneqpe- 
cies,  is  greedily  devoured  by  another.  Nay,  what  is  eaten 
by  the  goat,  br  ex«n{de,  with  avidity,  and  with  inqpunity 
by  the  horse  or  sheep,  as  the  water-hemlock  (Cicuta  virosa,) 
is  certain  poison  to  the  cow.  Hence  it  has  been  called  stuo- 
ter  ambaney  and  we  have  heprd  a  Fife  shire  fanner,  with  a 
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■ig^,  which  intimated  his  experience  ot^its  eflfects,  call  it 

In  general,  when  aniiiials  haVe  obtaiDed  a  supply  of  fi^^ 
they  satisfy  the  eravings  of  appetite  and  retire.  In  other 
coses,  the  superfluous  food  of  to^lay  is  concealed  to  pm^ 
vide  for  the  cravings  of  the  morrow;  ot  sdll  more  ex^ 
tensve  ri^ngements  are  exhibited,  in  which  the  bounties 
of  harvest  are  laid  up  in  store  against  the  scarcity  of  pro- 
vision m  wmter* 

In  the  other  features  of  this  appetite^  diere  is  a  much 
greater  varie^  of  character.  The^e^ueficy  of  the  calls  of 
hunger,  varies  according  to  the  species  or  the  haUts  of  the 
individual.  Thus,  the  caterpillar  eats  almost  constantly)  j 
while  the  butterfly  produced  fh»n  it,  scarcely  ever  seeks 
after  nouridunent  In  almost  all  animals,  however,  there 
are  stated  intervals,  during  which  the  caUs  of  hunger  are 
^t,  distinguished  by  a  resdessuess,  or  by  the  emisaon  of 
particular  sounds. 

These  particular  periods  when  the  calls  of  hunger  are 
felt,  appear  in  like  manner  to  follow  no  general  rule  with 
t^^pird  to  the  species  or  even  classes  of  animals.  Some 
feed  cmly  during  the  day,  and  are  termed  diumalf  as  near- 
ly all  the  ruminating  quadrupeds  and  land  birds;  others 
feed  only  in  the  twilight,  as  the  bats  and  owls,  and  are  caUed 
erqnucular;  while  many  beasts  of  prey,  aquatic  birds,  and 
others,  prefer  the  darkness  of  the  m^t^  and  are  termed 
nodumal. 

The  pre^lectioDS  of  this  appetite  are  equally  anomalous : 
Some  quadrupeds  and  birds  preferring  vegetable,  others 
ammal  matter ;— either  in  afresh,  a  dried,  or  a  putrid  state. 
Some  ^ledes  feed  on  animals  and  vq^etaUes  only  while 
these  are  living,  others  only  while  dead 

In  the  manner  of  obtaining  food,  this  insdnct,  in  differ 
Irent  animals^  acts  in  various  ways.    The  spider  weaves  his 
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webtoMtiogleLhefly:  Theant^fiondigsapittAtt:  ;iiie 
heron  remains  motioDless  at  the  nuutgin  of  the  pool,  .nalil 
tbeimwary^ihes.coiBe  wkhiii.theiBtaohrflf  biaJoognedc 
andUU:  The imtidnd  take  th«ur  |ii«y bf. Mpms ;  ^w^ 
the  wolf  tnitto  enthvly  to  nriflMSs  land  .strngdi.  Tlie 
BiMiiitrafibegimihig  the  feast,  even  .after  the  jsupplyihaa 
been  jecuitdyis  fverj  difiwent  aocDidiQg.to^the  Jllkiaa- 

In  adoDcsticitfed  slate,  aaiBalsjeem  to  lose  tbenHifiil 
properties  of  this  appedte^  whicji  are  so  essential  .to  .dMO- 
cxastanoe  ina.wild  atate.  Thus,  cows  which  ;have  been 
kept  .adthin  doom  durk^-the  winter,  and  suppeited  eUcAy 
on.dry  food,  when  tinned  out  to  psature/m  the  jpring,  de- 
yaur,  indiscriawiatdy,  every  vgreen.henb,  end  ftecpiaally 
suffisr  for  their  lindiscredoD.  "LuniMm  telk,  that  »wheQ  he 
nsted  Tomea,  tba  inhabitants  oomplainad/of  a  dialsmpsr 
whidi  killed  multitudes  of  their  eattle,  eqfMciaBy  during 
upmgt  when  first  turned  out  into  a  meadow  .in  the  neigh- 
bourhood. He  soon  traced  the  disorder  to. the  walerJMift- 
laok  ;which  grew  {dentifully  in  :the  place,  and  whieh  the 
cattle,  in  the  spring,  did  not  know  how  to  avoid*.  We 
have  been  .informed,  that  in  Orkney  many  goaliBs  die 
Vidian  first  tiunedout  into  the  hills,  io  pasture,  in  oonaa- 
qnsBce  of  eating  the  leaves  of  fos-g^ove.  In. a  wiU  state, 
however,  thi&appetite  dirpcfe  animal»«with  ytat  certaJaty  to 
file  suitable  .objects  of  nourishment,  and  does  not  psnnit 
(ham  .to  rtaste  of  .thoae  things  whioh  would  injure  orik. 
stroy. 

Ry  the^&rce^fAaitt,  this  instinct  may  he  so  modified, 
as  ihat  what  was  dissgiaeable  at  first,  shall  even  baoomean 
ob}aat  of  darire.  By  this  papafaility  of.dumging  taste,  ^vwU 
Qus^animals  aanaoopniniodate  themsdlves  to  new^tioatiaiis. 


*  Lachesis  Lapponica,  ii.  p.  136L 
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tMd  pettarve  ezkttSDoe  «Bd  h^cmataetB  mider^ireiititttaaceB 
iiiMdi,iiMdiMtt  it,  imuld  )mv«  beeii>fttal  to  both. 

Bat  'iiriiile  the-  xmM  •  propertkK  of  dris  appetite  diaip. 
fwor,  in  tiuttiy  MOM,  in  oraMqusHeeof  domsdcalim^  in 
w^^end  MMaaeeB  diey  mmain  and'«xlittNt  xheamAves  wen 
^m«ot  110OM8B17  totfae  oonlbftaUe  exkteneeof  the  indi- 
viduaL  Thus  the  dog,  even  when  ^wdl  fed,'^31<»ftm>aoii. 
i^enl  the  ranaindtr  of  the  food  he  is  unable  at  tiie  time  to 
'4MMime»  afadbough'  Ae  calls  of  ivm^er  seldom  urge  him  to 
iMmi  toithetUdden'stonts.  The  fox,  soamilar  to'tfae  dog 
*ai  anny  partioufaursy  exhibits,  (as  we  have  alveady  stated 
'iMth^anodMrview,)  inaivitd  state,>die  gme  tfiBposition. 
-Wbm^heihas  obtaimd  more  ibod  than  is  nseeasdiy  fer  the 
«upptyof<hi0)pre0entivants,he  bams  theTeniahider,>aiid 
'yetaKns*to  it^iHmi> again  pressed  by  hvmger,  often  after  an 
iatenra]  i^f  •s^eral  days.  1 1  is  pv^lile,  that  in  ni  wihl  Mate, 
the  dog  obeya-aiamfiar^nfitinet,  of  whieh,  itsappearanee  in 
a  domesticated  state  is  a  strong  pftM>f.  Even  the  lore  of  Imnt- 
sii^,'Whidi  pAViHsvneng  our  raee,  ahuRist  umversally,  seems 
•Mb&th^  remaiiis  <af  one  of  liie  origidai  instincts  of  the  spedes. 

As  intimandyoonnaeted  witlitbia  appetite,  we  may  short- 
ly iiotieethe'^pecutiarmaimer  in  whieb  eaebasimal' disposes 
*of  its^xcremMtitioua  or  secreted  matters  ^  >Bow  eareftilly  do 
the  otherwise  tkhy  s^ne,  even  in  a  domestieated  stote, 
▼Old  in  a-emiier,  aiid  preserve  the  detmfiness  of  thwbed. 
•Oataoreearelul  to*huty^t^eirdung,  irinle  dogs  exonerate 
upon  «tone8.  The  unifinrmitjr  of  these  peculiar  modes  of 
action  in  eaoh  i^mcmb,  indicates  instinctive  ammgements 
'ftr^thcsr  praduetion,  which  the  ftutidious  observer 'may 
despise,  but  whieh  the  enUghtcatd  mturali^t  will  notovec- 

1L  Appetite  for  Skep.^^Vfe  have  already,  while  treat- 
ing  of  the  muscular  and  nervous  systems,  stated  the  neces- 
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Aty  of  repose  to  tecruit  eijiaiitti^  Btedgth,  and  tlie  dif- 
ferent poatioDfi  aflsumed  by  animals  in  aoooinptiahing  this 
oiqect  But  we  are  not  left  to  discover  thb  liecesditj  by 
the  slow  process  of  ezpmence ;  the  appetite  whidi*weaie 
now  to  consider  detemunes  our  dunce,  and  in  (oadi  species 
r^rulates  the  different  conditions  which  are  oeoessary  ac- 
cording  to  peculiar  p]an& 

'the  iimey  in  which  animals  deqp,  is  regMlaAci^  &y  the  in- '. 
stinct  for  food.  Those  animals  whidiare  diurnal  feeders  are 
nocturnal  sleepers,  wlule  those  whish  we'crqpu8C|ilar,  ske^ 
partly  in  the  night  and  partly  in  the  day.  In  geoeEal 
there  is  but  one  sleep  in  the  course  of  the  hatural  day,  and 
its  length  varies  with  the  season  of  the  year.  In  (tome  ani- 
mals^ which  enjoy  sleep  during  the  ordinary  peruMls,  the 
oooditicxi  i^  assumed  and  ocmtinues  permanent  during  the 
mnter  season.  Such  are  termed  Torpd  animals.  We 
shall  afterwards  have  occasion  to  consider  the  dieum- 
stances  attending  their  torjndity; 

Sleep,  in  general,  seizes  the  frame  ikfter  the  ordinary 
exertion  of  the  body,  or  of  the  intellectual  or  active  powers. 
Its  approach  is  accelerated  by  any  extraocdmary  exer- 
tion, althou^  during  the  continuance  tbererf,  at  what- 
ever period  of  the  day,  this  instinct  is  overruled.  All  ani- 
mals seem  to  be  deUlitated  by  exercise,  and  to  require 
periodical  intervals  of  repose  f(xr  their  renovation.  There 
b  likewise  a  tendency  to  obey  the  impulses  of  tUs  instinct, 
whenever  the  calls  of  hunger  have  been  satisfiad. 

The  tendency  to  sleep  is  accompanied^  in  man,  with  a 
lisdessness,  and  feeling  of  muscular  weakness^  the  senses 
cease  to  convey  impresdions  of  external  o^ftects,  do  that  the 
mind  no  longer  holds  its  ordinary  intercourse  widi  them, 
—attention  is  relaxed,«*-4nemory  ceases  to  recall,-«-end  the 
imagination  to  arrange,  «(hd  consciousness  itself  can  scarcdy 
be  said  to  be  in  exercise.     At  the  same  time,  every  instinc- 
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live  power  is  qVueabent,  and  instability  alebe  regulates^  all 
the  moYenieiits  which  prevail. 

.When  ki  thia  condition  ol  sleep,  we  find  that  all  the 
powers  orbody  have  lost  a  portico  of  th^  sennbilily,  so 
that  no  impresaons  are  produced,  unless  those  whic^  are 
very  strong  ;.in  whieh  case  the  state  of  sleep  is  interrupted 
aifd  the  indiyiduaLawakes. 

.'  Afier'cbnj^niqg  in  thb  state  of  sleep  for  a  definite  time, 
eur  ^teidus  powers  again  assume  their  wonted  functkmsi 
-^ooBBdouqiiess  retuni8|^--the  senses  again  establish  our 
fdation  inth  external  objects,— the  intellectual  powers  ope> 
rate  upon  the  materiak  whidi  they  cdlect, — and  our  in- 
stincts agbin  exert  themselves  as  acdve  powers. 

There  is  now  a  pleasing  feelii^  of  recriuted  strength*  it 
sense  of  new  vigour,  and  a  dispositicm  to  activity. 

But  in  some  casea  this  instinct  is  so  far  influenced  by 
^ittfumstances  that  the  sleep  product  is  imperfect^  and  we 
are  said  to  dream.  This  happens  when  there  is  any  or- 
ganic derangement  of  the  body,  or  when  the  irritability  of 
the  body,  during  the  state  of  repose,  is  too  much  exdted, 
{as  wben  the  stomach  is  overloaded  or  filled  with  matter 
difficult  to  digest),  and  calls  into  action  the  instincts  by 
wluch  it  is  accustomed  to  be  controlled. 

In  one  state  of  dreaming,  the  intellectual  powers  are  in 
action,  but  the  process  of  thought  is  conducted  difierently 
fiom  tbe  way  in  which  it  is  carried  on  in  our  waking  mo- 
^lii^ts.  We  &ncy  that  the  senses  are  communicating  to  vis 
infcHrmation  of  external  obgects,  while  they  are  in  a  state  of 
inactivity,  so  that  we  appear  incqpaUe  of  distinguishing  be- 
twenn  the  inqpresskms  of  perception  and  memory.  We 
ar^  equally  incapable  of  percdving  the  difference  between 
the  ideas  of  memory  and  imagination.  Hence  we  form  the 
most  incongruous  images,  mixing  the  conditions  of  dif- 
ferent  icteas  of  memory^  with  regard  to  time,  place  and 
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emiMoCion,  without  peroeiviiig  that  k  is  the 
diieflj  that  is  in  exercise.  However  oonfiwed  the 
between  the  ideas  of  reeolIectioD  and  imaginalioB,  tfaeat. 
taction  seems  sufficientlj  active  to  enable  the  menoiyto 
trsasare  tip  the  distorted  images. 

The  reeoilecdon  of  the  effiirts  of  loar  instinotiTe  posters 
is  likewise  a  common  employment  c^  tlie>nad  doriDg  this 
state  of  dreaming)  aiidin  some  cases,  in  anseqiienee  of  these 
hisl»icts  beudg  in  part  awake,  partial  aetidii  is  produced 
This  is  exemplified  in  iSbffMamittiiite,  or-thtMSwIioiiae 
and  walk  during  sleq>,  or  those  who  >speak.  The  femer 
will  sometimes  rise  out  of  bed  and  noveifkom  'oneveDni  to 
another,  or  even  go  into  the  open  air,  without  binmwing 
awake ;  and  the  latter,  while  tallmg,  if  eautiouBly  spoken 
to,  may  be  made  to  keep  up  an  irregular  cocnrersalion.  'Som- 
nambulism exhibits,  however,  this  very  singular  diaiwctor, 
that  the  memory  retains  no  tiroes  ef  die  aetions  wUdi 
were  performed,  or  the  feeDngs  in  wbieh  thqr  origina- 
ted. 

That  the  same  causes  operate  in  producing  imperfect 
sleep,  in  other  animals,  may,  with  considerable  propi^y ,  be 
inferred,  even  in  the  absence  of  direct  proof.  Indeed  we 
can  have  no  proof  of  such  a  state,  unless  the  instinetive 
poifers  have  been  so  far  awake  as  to  produce  action.  This 
proof,  however,  has  been  obtained  in  the  case  of  the^dog. 
This  animal,  during  sleep,  may  sometimes' be  observed 
moving  his  limbs  aud  tail  with  considerable  veiocily,  and 
even  uttering  low  and  imperfect  sounds,  as  if  bfu4cing. 

In  prepaiingfor  sleep,  some  animals  assume  paftieidarat- 
titudes,  such  as  we  have  already  noticed,  but  remain  in  the 
open  air.  Others  retire  to  shaded  places  or  eaves.  Some 
sleep  without  any  covering :  others  prepare  fcr  themselves 
a  bed  in  order  to  keep  up  their  standard  of  heat,  which 
^rould  becOkne  diminished  by  inaction. 
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8.  JfpefUeJbrJProcretOkm.'—Tbe  tvapwwdfaiyaype 
tim«i«  06QeaB»yito  the.  furintfump  Mni  welUbeing^of  .the 
iiidi^iiil>*^The.«ie  under  eonadeivitbn  JaMbwrvknt  to 
the  QomiiiinlaiDii  of  the.flpme^.  As  the  exerane  cf  >the 
fimner  oiuinot  be  diapeoaed  with,  is  any  period,  wilheiit 
the  decmy  pr^death  of  the  iiidi'V]du«l,.Uiey  ooatimie  to  iffe* 
mte  from  the  cKNnQwuGement  to  the  dose  of  life.  It  is 
otberwise  with  the  pment  appetite^iyr  it  flddom  begiDB^to 
flOMit  its  ioflucBoe  until  the  body  haRiieAKly  reached. miitu- 
nty»  and  usuatty  oeasas  when  it  is  be^nuing  to  decay.  In 
many  cases,  the  influence  is  only  felt  once  during  the 
€ontinuaiv»  of  li^  as  in  maay  insects.  In  other  cases, 
it  cqmates  periodicaQy  thiou§^  a  omsiderable  portion  of 
life  In  all  cases,  however,  it  excites  to  action  at  such  a 
period,  that  the  young  animals  to  be  produced,  shall  enter 
life  at  a.  season  of  the  year,  when  temperature,  food,  and 
all  the  other  conditions  of  existence  are  in  the  best  poorible 
state  for  their  comfort  and  increase- 
But  the  most  singular  property  of  this  instinct,  isits  se- 
lective quality,  always  guiding  individuab  to  those  of  the 
same  species.  Even  in  the  activity  of  this  power,  whatever 
be  the  ag^  or  the  season,  every  animal  is  indiflerent  or 
averse  to  those  of  any  other  species.  Hence  there  is  in 
nature  no  mixture  or  contamination  of  species,  every  living 
thing  aeddng  after  its.tind. 

Domestication  produces  on. this  appetite  effects  equally 
strildpg  as  on  the  appetite  for  food.  It  usually  aoceknites 
the  period  when  this  power  exerts  itself,«-*'increases  the 
frequency  of  its  demands,— 4Uid,  in  a  few  instances,  de- 
stroys the  selective  quality.  i 

11.  Desires. 

The  insUnctive  powers  which  are  usually  denominated 
Deares,  di£Per  from  those  of  the  preceding  class  in  nuiny 
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IrdUnaiked  diancten.  The  apptAteBj  so  Cur  as  %e  an^ 
Me  to  judge  fiom  experienoe,  ckmervB&m,  and  anakigy, 
form  an  I'WfH^t'ffl  part  of  the  oonatitutkNi  of  creiy  animaL 
The  deores,  on  the  other  hand,  are  not  so  unireraally  dia* 
trihuted.  They  constitute  rather  the  diatinguuhuig  dia- 
raeters  of  individuaLi  or  spedes,  than  of  dasBes,  as  no  one 
deore  (except  perhaps  that  of  irtnutb)  appears  commoo 
to  all.  Belles,  thMjfditer  from  tte 
fonnityof  thdr  exciments.  They  do  not  return  afWoer- 
tain  internals :  and  they  do  not  cease  to  act,  upon  the  iEt. 
tainment  of  thdr  object 

1.  jnMir^^fr€lHii<&.---Whether  the  blood  be  hot  oT 
«x>ld,— -whether  the  animAl  rendes  on  the  land  or  in  the 
waters,  there  b  a  particular  degihee  cf  heat  congenial  to  the 
feeKngs,  and  necessary  to  the  functions  of  every  animal, 
^here  is  a  )»opennty,  in  animds  at  Itiist,  to  secure  tUs 
req«Dsite  Aegtee  of  wamitfi>  and  its  operations,  more,  per- 
hi^  than  any  other  drcSbttistaftce,  influence  their  phyacal 
distiibutiiMi.  This  instinct  is  desdned  to  guaid  animals 
equally  ifiigaibait  the  extremes  of  heat  and  cold,  and  to  keep 
them  within  that  range  of  temperature  most  condudve  h) 
thdr  health  and  comfort  In  tfie  fixed  animals,  thistitei^ 
if  it  exists,  cannot  exdte  to  action,  as  locomotion  is  denied. 

In  the  (execution  of  its  important  ends,  this  instinct 
guides  animals  to  particular  places,  to  the  open  sunshine,  of 
the  refreshing  shade ;  toth^  heated  sand4]ank,  or  the  cool- 
ing water;  to  the  exposed  mountains,  or  the  sheltered  p'tina. 

The  standard  of  temperature  differs  according  to  the 
species,  and  even  according  to  the  individuals,  and  the  dis- 
trict of  the  globe  they  are  destined  to  dwell  in.  Hence  we 
find  individuals  of  a  species  in  a  variety  of  mtuatbns  with 
regard  to  temperature,  in  the  same  district,  and  animals 
thriving  in  every  latitude. 

This  deare,  like  all  our  powers,  is  greatly  influenced  by 
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habit.  The  standard  of  temperature  may  be  altered  a  few 
degrees,  provided  the  change  be  slowly  brought  aboui, 
If  it  is  attempted  rapidly,  a  diseased  state  of  the  system,  in 
general,  is  the  consequence.  In  some  cases,  the  sensibility 
of  the  ndryes  is,  to  a  cartain  extent,  destroyed  by  the 
change,  so  that  the  exposed  parts  cease  to  experience  tliose 
piunful  impressiona  which,  under  other  drcumstaaoesy 
would  have  been  produced. 

Man  is  the  only  being  on  this  gUbe  who,  in  the  gratifi- 
cation  of  this  desire,  kindles  a  fire  wherewith  to  warm 
himself.  He  makes  use  of  friction  or  percusaon  to  ex<« 
eite  the  heat,  in  the  first  instance,  and  employs  vegetables, 
or  bituminou3  nunerals,  to  increase  and  continue  it.  It 
is  impossible  to  asc^tain,  whether  thb  was  originally  the 
discovery  of  an  individual,  and  subsequently  communicated 
by  example  or  tradition,  or  whether  it  be  really  a  dMU 
racter  of  this  active  power  as  ii  exists  in  man.  It  is  al 
least  certain,  that  the  use  of  artificial  heat  is  coeval  and  co» 
existent  with  our  race.  The  mcmkey  may  approach  the 
&ee  which  the  savages  have  left,  and  warm  himself  at  ita 
glowing  embops,  but  he  is  never  prompted  to  secure  a  con^ 
tinuanoe  of  the  comfort,  by  the  addition  of  (xeah  fuel,  op 
by  setting  fire  to  combustible  matter  in  another  situation. 

2.  CloMfig.'^^Manj  animals  are  produced  at  their 
birth,  in  such  circumstances,  that  they  stand  in  no  need  of 
any  other  clothing  than  the  skin,  and  its  natural  appen^ 
dices,  and  continue  through  life  independent  of  the  protec- 
tion of  foreign  bodies.  Such  animals  are,  of  course,  un^ 
provided  with  this  instinctive  principle.  But  there  are 
other  animals  which,  during  a  part  or  the  whole  of  life» 
stand  in  need  of  an  artificial  covering  for  th^r  proteetioa 

Of  those  which  cover  themselves  only  during  a  Dertntn 
part,  qf  Ufe,  there  are  some  which  derive  the  materials  of 
their  bibitatiop  from  th^r  offn  bpdy,  as  (be  'si|k-worm. 
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whiir  ibits  pupa  •tide';  wUefodiarty  as  tamsj  caldrpiHiuBy 
enipk^  ieeretod  tfareads  m  oider  to  dmw  alfoniid  them 
iMvct^if  the  vplanliMCNi  ^wUeh' they  filed. 

Other  aaim^-  whkb  likewise  reqdre  only  a  temponvy 
covering,  iUbrieate  thargannem  from' the  matetiaiB  wfaidi 
they  ^nqdoy  as  food  This  is  the  ease=  with  the  7W«^  or 
dodwa-noths.  They  feed  upon  wool  or  hair ;  and,  widr 
die  same  materials,  they  construct  a  coyerian^  to  fit  tkor 
body,  with  whidi  diey'«iove  about,  increaang  its  lengdi  by 
addiag  te  its  extremity,  and  its  breadth,  by  shtting  up  the 
sideS)  imd  inserting  new  materials  in  the  gap^  The  Phry- 
gBneg>  or  Caddi$  ssorms,  on  theodier  hand,  while  they  pass 
the  first  porticm  of  their  existenee  in  the  water,  clothe  them, 
selves  with  Uts  of  straw,  sand,  or  ahdils.  These  th<^  cut 
into  proper  shape,  and  form  into  a  tube  a  little  larger  than 
thebody,  in  which  th^<hirell,  and  which  they  likeirise  carry 
about  with  them.  However  roug^  the  outside  of  the  oover- 
ing  may  appear,  the  inside  is  smooth,  havmg  a  ooBtiBg  of 
dkny  matter  plastered  round  the  cavity.  These  animsb 
do  not,  in  ob^enoe  to  this  instinct,  em^y  the  materiala 
widun  thmr  readi  indiscriminately ;  for  the  covering^might, 
in  that  case,  become  too  heavy  to  be  easily  carried  about 
with  them  at  the  bottom  of 'the  pooi,~^yr  too  light,  and^ 
by  rinng  buoyant  to  the  surface,  remove  them  hoai  their 
souroes  of  nourishment  They  select  and  arrange  the  nup 
terials,  so  as  to  avoid  both  these  evils. 

But  there  are  many  animals  whidi  employ  an  artificial 
covering  dnring  ev^  period  of  their  lives.  Some  we  ob^ 
sei^e,  although  incapaUe  of  collecting  and  arranging  the 
materials  for  a  haUtation,  aro  still  provided  with  a  prapen- 
flity  for  a  covering,  and  avail  themselves  of  the  leuudnsof 
other  animals.  The  hermit-crab  takes  up  his  abode  m  a 
deserted  univalve  shell ;  and,  when  his  body  eolai^ges,'he 
shifts  to  a  larger  shell,  and  thus  preserves  himsdf  in  apRK 
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tected'State  diuaiig  all  the  stages  of  his  existence.  Others, 
(aa  the  SabdU^)  oonstruct  a  cavering  of  particles  of  sand 
cemented  together,  increasing  the  diameter  of  the  tube  with 
the  eorrBsponding  increase  of  the  size  of  the  body.  Those 
flft^ipala  which  construct  a  permanent  covering  with  which 
they  are  connected,  in  every  period  of  life,  are  all  inhabit 
tanU  of  the  watnr.  Man  is  the  only  animal  endowed  with 
this  instinct,  that  inhabits  the  land.  Parental  tenderness 
supplies  his  wants  in  the  first  instance,  and  afterwards  he 
is  guided  by  this  active  power,  regulated  by  habit,  and  the 
principle  of  imitation. 

As  subordinate  to  thb  desire,  we  may  here  take  notice 
of  the  HabiUUiom  ixf  Anhnalst  into  which  they  retire  at 
particular  intervals. 

The  most  commoo  dispky  of  this  instinctive  power  in  the 
formation  of  a  dwelling,  may  be  observed  in  those  animals 
which  burrow  in  the  earth.  These  form  their  holes  with 
th^r  jaws,  as  many  insects,  or  with  their  feet,  as  quadru- 
peds and  some  Inida  The  retreat  sometimes  consists  of  a 
angle  apartment,  while  others  excavate  several  chambers, 
leaving,  the  walls  without  a  coverings  or  giving  them  a  coat 
of  plaster  to  prevent  them  from  crumbling  down.  In  many 
cases^  there  is  only  one  entry,  while  others  make  use  of  two 
or  more.  In  the  arrangement  of  the  entry,  this  instinct 
<fiqplays  its  extraordinary  powers.  Sranedmes  the  eiw 
trance,  as  in  the  case  of  the  otter  and  pole^cat,  opens  into 
a  thicket,  or  unda*  the  cover  of  a  hanging  bank.  In 
other  cases,  as  that  of  a  spider,  termed  by  Latrbilub 
Mygdk  sum/tHkuriOi  the  entrance  is  ckised  by  a  door 
formed  of  partides  of  earth  cemented  by  silken  fibres,  and 
closely  resemUing  the  surrounding  gnmnd  This  door,  or 
rather  vahre^  is  united  by  a  silken  Unge  to  the  entrance,  at 
its  uppor  side,  and  so  balanced,  that  when  pushed  up»  it 
shuts  again  with,  its  own  wdght. 
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In  (Jigging  these  subterranean  dwellings,  insects  transport 
die  earth  to  a  distance,  carrying  it  in  their  jaws.  Quadru- 
peds, during  the  digging,  when  incommoded  by  its  aocu- 
mulalion  at  the  entrance,  turn  round,  and,  with  their  fore 
feet,  push  to  a  distance  the  loose  rubbidi,  as  may  be  seen 
m  the  efforts  of  the  rabbit  and  field-mouse. 

In  many  cases,  animals  unite  and  construct  a  dwelling 
fcr  the  convenience  and  protection  of  the  colony.  It  is  in 
the  architectural  displays  of  this  power,  exhibited  by  ani- 
mals that  live  in  society,  that  the  most  wonderful  attributes 
of  this  instinct  have  been  ascertained.  The  masonic  labours 
of  the  bee  and  the  ^nt  are  well  known ;  and  they  producse  a 
habitation  i^rular  in  its  structure,  substantial  in  its  mate- 
rials, and  commodious  in  its  apartments.  What  man 
oiinsdders  as  a  high  effort  of  his  understanding,  may  be 
here  witnessed  as  the  result  of  an  instinct,  unaided  by  ex- 
perience, untform  in  its  results,  and  successful  in  its  plans. 

S.  Desire  of  Place.^^Ev^y  one  knows,  that  different 
animals  prefer  different  ^tuations.  The  common  pigeon, 
in  a  wild  state,  makes  choice  of  the  caverns  of  the  rodr,  in 
which  to  sleep,  anid  a  smooth  gras^  bank  on  whidi  to  bwk. 
The  wood  pigeon,  on  the  other  hand,  nestles  on  trees,  and 
(fiends  dl  its  hours  of  repose  or  relaxation  on  their  brandies. 
The  sparrow  prefers,  at  all  seasons,  the  haunts  of  men ; 
while  the  robin  flees  from  their  abodes  during  the  breed- 
ing season,  but  delights  to  spend  with  them  the  dreary 
months  of  winter.  The  jack-daw  delfts  to  hve  in  the 
ruined  tower,  and  the  rook  in  the  aged  wood.  In  man, 
this  instinctive  power  exhibits  its  contixiul  in  the  love  of 
country,  and  the  pleasure  associated  with  the  idea  of  home. 
In  many  cases,  the  operations  of  this  desire  are  modified  by 
circumstances  connected  with  feod  and  temperature ;  but, 
in  a  variety  of  instances,  it  is  impossible  to  assign  any  phy- 
siological reason  for  the  choice. 
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PerhapB  the 'most  angular  attribute  of  this  desii:^  is  ex- 
hilHted  in  the  facility  with  which  many  animals,  when  trans- 
ported from  thdr  usual  haunts,  can  find  out  the  proper  di- 
rection by  which  to  return.  The  horse,  the  ass,  and  the  cat, 
am<mg  quadrupeds,  have  been  known  to  exhibit  very  re- 
markable instances  of  this  power  of  discovering  home*. 
Among  birds,  the  pigeon  has  long  been  celebrated  for  this 
quality,  and  frequent  and  successful  attempts  have  been 
made  to  render  it  useful  to  man.  A  pigeon  has  been  iVe- 
quently  taken  to  a  distance ;  and,  after  a  letter  has  been  tied 
under  its  wing,  and  the  Inrd  then  let  loose,  it  has  rapdly  re. 
turned  with  the  despatches.    Attention  to  all  the  qualities 


*  In  the  ''  Introduction  to  Entomology,"  by  Kisby  and  Spkhcb,  vqL  ii. 
p.  502.  the  following  curious  example  of  this  facility  of  finding  home,  is 
eommunicated  on  the  authority  of  Lieutenant  Aldennan,  Royal  Engineers, 
who  was  personally  acquainted  with  the  Ikcts. 

<'  In  March  181  (S,  an  ass,  the  property  of  Captain  Dundas,  R.  N.,  then  at 
Malta,  was  shipped  on  board  the  Ister  frigate.  Captain  Fonest,  boutid 
from  Gibraltar  for  that  island.  The  vessel  having  struck  on  seme  sands  off 
the  Point  de  Gat,  at  soine  distance  ftt)m  the  shore,  the  ass  was  thrown  over- 
board to  give  It  a  chance  of  swimming  to  land,— a  poor  one,  for  the  sea  was 
running  so  b%h^  that  a  boat  which  left  the  ship  was  lost.  A  few  days  after- 
wards, hoFf  ver,  when  the  gates  of  Gibraltar  were  opened  in  the  morning, 
the  ass  presented  himself  for  admittance,  and  proceeded  to  the  stable  of  Mr 
Weefcs,  a  merchant,  which  he  had  formerly  occupied,  to  the  no  smaU  sur- 
prise of  this  gentleman,  who  imagined  that,  from  some  accident,  the  animal 
had  never  been  shipped  on  board  the  Ister.  On  the  return  of  this  vessel  to 
repair^  the  mystery  was  explained ;  and  it  turned  out,  that  Vatiante»  (as  the 
ass  was  called,)  had  not  only  awam  safely  to  shore,  but,  without  gvid^  com- 
pass or  travelling-map,  had  found  his  way  from  Point  de  Gat  to  Gibraltar, — 
a  distance  of  more  than  two  hundred  miles,  through  a  mountainous  and  intri- 
cate country,  intersected  by  streams,  which  he  had  never  traversed  before, 
and  in  so  short  a  period,  that  he  could  not  have  made  one  false  turn.  His 
not  having  been  stopped  on  the  road,  was  attributed  to  the  circumstance 
of  hi9  having  been  formerly  used  to  whip  criminal  upon,  which  was  indi- 
cated to  the  peasants,  who  have  a  superstitious  horror  of  such  asses,  by  Uie 
holc5  in  his  ears,  to  which  the  persons  flogged  were  tied.** 

VOL.  I.  R 
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of  this  desire,  will  oftenedaUe  the  uitunUai  tofiod  out  and 
to  distinguish  particttUur  species ;  and  ihe  extent  of  this  kind 
f^  knowledge  distiitguishes  the  {Rvctioal  from  the  doiet  mi^ 
turalist 

4.  CuriofJ4y*-«We  observe  in  chiUren,  a  dispoutiaii  to 
examine  the  objects  which  surround  them,  and  to  asoeftain 
their  properties.  Nor  is  this  tendency  confined  to  the  early 
period.  It  continues  to  exercise  its  oontxoul  in  manhood, 
and  even  in  old  age,  prcxnpting  us  to  attend  to  new  otgects, 
to  study  the  changes  which  present  themselves,  and  to  main* 
tain  our  acquaintance  with  the  world  in  which  we  live. 

This  principle  aj^pears  to  exercise  a  greater  influence  upon 
the  human  species  than  upon  the  individuals  of  any  other, 
and  urges  us  to  examine  a  greater  variety  of  objects^  in  every 
possible  state  of  combination.  It  is  to  this  feature  of  our  cha- 
racter, that  we  can  refer  our  superior  capability  of  receiving 
instruction.  But  the  same  priaiciple  operates,  although  in  an 
inferior  degree,  among  some  of  the  lower  animals.  We  have 
thus  limited  our  assertion,  because,  among  many  animals,  we 
do  not  perceive  even  a  trace  of  this  desire,  the  attention  being 
exclusively  confined  to  the  siqpply  of  the  bodily  wants.  The 
monkey  tribe  are  fond  of  examining  new  objects,  and  will 
subject  th«nselves  to  a  eonflidemble  degree  of  trouble  in 
the  attempt.  The  dog  is  seldom  disposed  to  sufier  a  stran- 
ger to  remain  in  hb  company,  unmolested  by  his  attempts 
to  become  acquainted  with  his  appearance  and  smelL 

This  instinct,  in  the  lower  animals,  is  confined  to  the  ap- 
peanums  and  present  properties  of  objects ;  while,  with 
man,  this  case  is  different  He  does  not  rest  satisfied  with 
a  knowledge  of  appearances,  but  he  is  disposed  to  examine 
the  agents  which  have  produced  them.  The  lower  am- 
mals  have  their  curiosity  confined  to  effects ;  man  alone  at^ 
tempts  to  investigate  causes,  ne  builds,  and  he  pulls 
down,  he  comUnes  and  divides,  in  order  to  satisfy  his  cUr 
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ficMitjr;  «nd  seldoni  rdinquuhes  theporfuit  wiffingly,  until 
he  has  gained  the  inffarmatioD  which  he  denres. 

5.  jSbcfefy.«-Thi8  instinct^  Hke  curiority,  is  not  oonunoa 
to  all  animals.  There  are  many  i^peoes,  as  the  oyster  and 
bemade,  whidi  appear  to  be  incapable,  from  th^  fixed 
station,  at  acquiring  any  knowledge  of  the  existence  of  m- 
dividuals  of  their  species.  Others,  on  the  contrary,  are 
sodal  from  necessity,  as  the  Mdlusca  Tunicata,  and  many 
zoophytes,  constantly  growing  in  groups,  or  inseparably 
connected  by  bodily  organization.  Even  among  the  free 
animals,  many  seem  to  prefer  a  life  of  solitude,  and  exlnbit 
no  desire,  unless  perhaps  during  the  season  of  love,  of 
associating  with  other  animals,  or  even  with  the  individuals 
of  their  species. 

But  in  those  animals  in  whidi'this  instinct  prevails,  it  ex- 
hilnts  its  controul,  independent  of  any  feelings  whidi  the 
appetites  excite.  Among  gregarious  animals,  we  observe, 
with  some,  the  social  union  so  intimate,  that  this  instinct  ap- 
pears to  be  essentially  necessary  to  tbdr  existence,  or,  at 
least,  to  the  continuance  of  their  race.  Thus,  bees  congrq^ate 
by  an  irresistible  impulse  of  this  instinct,  and  it  is  only  when 
uiuted  that  they  can  perform  all  die  functions,  and  enjoy  all 
the  comforts  of  their  existence.  In  those  animals,  where  this 
union  is  necessary,  we  perceive  such  admirable  arrangements 
exhibited  by  this  instinct,  such  subordination  of  purpose, 
and  such  c(M>peradon  of  means,  that  we  may  consider  it 
one  of  the  most  curious,  wonderful,  and  complicated  or  the 
active  powers. 

In  many  cases  this  desire  operates,  although  its  action 
is  not  connected  with  the  immediate  wants  of  the  incbvi- 
dual  Thus  we  observe  rooks  congr^ating,  although,  as 
far  as  we  are  able  to  judge,  each  pair  could  subsist,  though 
unconnected  with  a  flock,  and  even  obtain  a  more  copious 
supply  of  food  than  when  surrounded  with  numerous  com- 

n  2 
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ponkms,  each  intent  upon  the  same  purposey  and  ready  to . 
anticipate  his  neighbour  in  seizing  the  enviaUe  morsel 
There  are  advantages^  however,  which  result  from  this 
union,  and  which  counterbalance  the  accompanying  evys. 
There  are  common  interests  which  are  secured  by  it,«^ 
warning  is  given  of  danger,— notice  communicated  of  any 
new  store  of  food,  and  exertion  prompted  by  examjde. 

Although  thia  desire,  in  general,  bri|igs  together  the  in-' 
dividuals  of  the  same  species,  and  unites  them  in  one  flock, 
yet,  in  the  absence  of  other  individuals  of  the  same  qpeci^s, 
a  social  animal  will  unite  itself  with  the  individuals  of  other 
species,  and  frequent  the  places  to  which  they  resort,  and 
follow  their  movements.  Thus,  man  is  often  gratified  with 
the  company  of  a  dog,  and  a  sheep  will  associate  with  a  cow. 
When  prevented  from  indulging  this  dedre,  a  consider- 
able degree  of  impatience  is  exhibited,  which  not  iinfre- 
quently  terminates  in  languor,  sickness  and  death. 

(a.  Iimiati(m,^^We  have  already  taken  notice  of  sjfm- 
paihff  as  affecting  the  nervous  system,  and  inducing  action 
in  parts  remote  from  the  place  where  the  first  impression 
was  actually  produced.  We  may  now  consider  this  deore 
of  imitation,  as  having  its  foundation  in  this  organic  ten- 
dency, and  prompting  to  actbns  more  extensive  and  compli- 
cated. When  we  see  a  person  yawn,  we  are  disposed  to 
perform  the  same  action ;  when  we  see  them  in  motion  we 
have  likewise  a  tendency  to  follow.  The  same' feeling 
operates  whether  it  relates  to  the  production  of  motion,  of 
rest,  or  of  sound. 

This  desire  contributes  greatly  to  the  prc^ess  of  the 
improvement  of  the  human  species.  The  child  imitates 
the  actions  of  its  parents,  and  acquires  a  dexterity  in  per- 
forming them.  In  manhood  we  repeat  the  actions,  of 
others,  and  make  their  acquirements  oiu*  own.    We  even. 
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attendpt  tx>  imitate  the  actions  of  other  species,  as  in  flying, 
swimming,  diving,  and  a  vkriety  of  other  efforts. 

To  this  principle  of  imitation  can  be  readily  traced,  nation, 
al  character,  and  family  resemblance.  It  is  that  instinct  on' 
which,  more  than  any  other,  our  susceptibility  of  educa^ 
tion  depends. 

In  the  loWer  animals,  this  instinct  displays  itself,  chiefly 
in  those  of  social  habits.  It  is  proverbially  known  that  the 
startling  of  one  individual  will  set  a  whole  herd  of  cattle  in 
iDbtion,  and  if  one  sheep  leaps  the  fence,  the  others  will 
speedily  follow.  Even  in  the  lower  animals,  imitative  ac- 
tions are  not  always  copied  from  the  individuals  of  the  same 
species.  The  monkey  will  imitate  the  motions  of  a  man, 
and  the  parrot  his  voice, 

7.  Jppf-obati&n, — ^^he  deare  of  approbation  exercises  a 
powerful  influence  on  the  human  character.  It  prompts 
lis  to  the  greatest  exertions,  and  it  restrains  our  most 
violent  passions.  Long  before  we  are  aware  of  the  per- 
sonal or  public  advantages  which  result  froln  its  guidance, 
we  enjoy  with  rapture  the  applause  of  others.  In  order  to 
secure  it  to  our  memory^  we  are  disposed,  in  many  cases, 
to  part  with  life  itself. 

As  this  principle  could  not  be  called  into  exetcise^  but 
among  those  animals  which  are  likewise  possessed  of  the 
social  deare^  we  do  not  ob8el*ve  this  instinct  in  any  others ; 
and  even  in  social  animals,  we  are  only  aware  of  its  exis- 
tence in  those  whidi  we  have  doniesticated.  The  d<^ 
appears  delighted  with  the  aj^probation  of  his  master, 
and  quickly  discovers  and  seems  mortified  with  his  dis* 
{Measure.  The  oow  and  the  horse  exhibit  this  instinct, 
but  in  an  inferior  d^ree,  arising,  perhaps,  from  our  being 
less  intimately  acquainted  with  their  manners.  Among 
birds  or  animals  belon^ng  to  any  of  the  lower  class,  we 
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do  O0t  perceive  very  distinct  warkA  of  the  enstenoe  of 
this  instinct  It  probably  influences  the  exertions  of 
the  fodttl  tribes  of  insects,  although  their  condiuan  pre- 
dudes  the  possibility  o{  obeerving  the  proofs  of  its  ope- 
r4itioa. 

&  Pmo^r.— -We  are  fond  of  exercising  controul  over  all 
the  objects  which  surround  us,  checking  or  acceleraling 
their  motions,  modifying  their  properties,  and  rendering 
them  subservient  to  our  purposes.  In  accooD^shing  these 
«nds  we  have  recourse  to  our  bodily  strexigdi,  and  to 
our  acquaintance  with  the  prop^ties  of  matter,  and  jdace 
them  equally  under  the  guidance  of  this  insdnct.  We 
train  our  body  by  exercise,  store  our  mind  with  knowledge, 
and  strive  to  heap  up  riches,  with  no  other  view  than  to 
eocreaae  our  power  over  natural  objects,  or  the  members 
of  society.  When  reostnl  in  our  obedience  Id  the  impukes 
at  this  instinct  we  become  impatient,  and  frequently  waste 
ouTselves  in  frustiess  eflEbrta,  or  aijJc  in  dequndem^. 
The  love  of  iiberty  is  the  cffspiiag  of  this  desire,  as  wril 
as  the  horror  of  degradation  or  slavery. 

Many  of  the  lower  aninals  exhilnt  this  inatact,  in  their 
hatred  of  confinement,  but  more  particularly  in  the  rests- 
tanoe  which  they  oflEer  when  any  individual,  eveii  of  their 
own  species,  attempts  to  impose  any  restraicBt,  or  even  to 
exhibit  any  superiority.  What  is  emulation  but  our  anrer- 
sion  to  fed  ourselves  inferior  to  others,  or  to  be  teganled 
as  such  by  our  neighbours  ?  Horses,  in  a  race,  contend 
with  much  keenness  to  cxoel  in  speed,  and  dumticleer,  in  fais 
seragEo,  abhors  a  rival.  The  dog  delights  to  receive  madcs 
of  the  appDobanon  of  his  maaeer,  bist  appears  unwiHii^  tfant 
his  companion  should  ex^oy  any  share  of  the  favour. 

In  man  this  instinct  is  ciikivated  with  care,  and  much 
|p)ains  bestowed  to  extend  its  ijafluence,  m  order  to  secure 
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bodily  cr  menul  superiority.  But  among  the  brutes,  it  is 
confined  to  bodily  superiority,  and  appears  little,  if  at  all, 
influeaoed  by  educatioQ  or  habit 

The  desiras  of  imitatioQ,  approbation  and  power,  ^ipear 
chiefly  to  operate  mi  those  animleds  which  live  in  society, 
and  parhaps  may  be  regarded  as  attributes  of  the  sodal  in^ 
stnict,  rather  than  distinct  principles  of  the  oonstitutton. 
Before  attempting  to  simplify  the  desires  in  this  manner^ 
however,  it  would  be  necessary  to  examine,  with  greater  care 
than  anyone aj^pears ever  to  have  done,  all  the  active  prin« 
ciples  of  those  animals  which  are  sodal  from  instinct,  (not 
necessarily  from  bodily  organization),  in  order  to  trace  the 
unity  of  action  in  their  supposed  secondary  desires. 

9*  i^.-^The  existence  of  this  instinctive  principle,  as  a 
part  of  our  own  constitution,  is  universally  recognised.  It 
prompts  us  to  a  variety  of  actions,  through  every  period  of 
our  life,  retaining  its  influence  even  when  in  old  age  our  field 
<if  enjoyment  has  beoi  very  limited.  Themedical  practi* 
tioper  avails  himself  of  its  influence,  in  order  to  eompel  his 
patient  to  swallow  the  most  nauseous  draughts,  or  to  submit 
to  the  most  painful  and  mutilating  operations.  ItisnotequaL 
lypoweiAd  in  every  individual.  Its  deficbncy  contributes  to 
the  formatbn  of  the  hero,  its  excess  constitutes  a  coward. 

The  love  of  life  disfdays  itself  in  the  active  exertimis 
which  we  make  to  avoid  pain,  as  the  prelude  to  death ;  or 
tmy  direct  attack.  If  about  to  fall,  yrt  stretdi  forth  our 
liands,  so  as  to  restore  our  oontroul  over  the  centre  at  gra- 
vity, or  weakai  the  shook  when  approaching  the  ground. 
That  this  is  not  the  result  of  experience,  instigating  jus:ta 
avdd  pain,  is  obvious  from  the  circumstance  of  the  univer- 
^ality  of  the  operadon,  and  the  similarity  of  the  manner  of 
performing  it.  Besides,  we  have  seen  the  most  palpable 
indications  of  its  existence  in  an  infant  of  a  month  old. 
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When  any  body  is  falling  upon  us,  we  spontaoeotialy  Imkl 
up  our  hands,  as  an  eSort  to  defend  ourselves. 

These  instinctive  actions,  are  best  calculated  for  proteed^ 
iDg  us  from  attacks  which  would  cause  pain,  and  which 
come  upon  us  suddenly.  Tn  other  cases,  where  the  danger  * 
is  greater,  we  are  guided  to  oppose  it  by  other  kinds  jot  * 
physical  force,  or  seek  for  safety  in  flight  In  th^  oDe^»a^ 
when  we  fight  for  safety,  we  are  guided  by  anger ;  in  the 
other,  wh^n  we  flee  from  danger,  we  are  regulated  hy  Jkar. 

The  inferior  animals,  in  obedience  to  the  same  instinct, 
protect  themselves  from  danger  by  amilar  means.  Although 
they  do  not  possess  members  so  well  adapted  for  sudden 
movement  as  our  hands,  yet,  by  various  other  expedients^ 
they  accomplish  the  same  end.  The  hedgehog  rolls  up 
its  body,  and  presents  a  surface  of  prickles  to  the  ibe. 
Birds  in  general,  when  surprised,  raise  and  bend  back  their 
heads.  Some  animals,  as  the  hare,  uniformly  strive  to  flee 
from  danger ;  while  the  badger,  not  only  flees,  when  practi^ 
cable,  but  fights  obstinately  when  compelled.  Many  aquatic 
birds  avoid  being  shot,  by  diving  upon  seeing  the  flash,  and. 
getting  under  water  before  the  shot  reaches  the  #pla6e. 
Upon  being  surprised,  they  have  recourse  to  the  same  ex-  ' 
pedient  The  cuttle-fish  conceals  himself  in  his  inky 
fluids  and  the  torpedo  benumbs  his  foes  by  an  electrical 
discharge.  Others  endeavour  to  strike  terror,  by  their 
soundd)  or  gestures,  or  odours. 

.  There  is,  however,  one  attribute  of  this  instinct  in  the  lower 
animalsj  which  man  does  not  poteess)  although  we  can  per- 
ceive an  approach  to  it.  Man  conceals  himsdf  from  *the 
approaching  danger,  and  ceases  to  move  or  speak,  lest  h^ 
should  discover  his  retreat,  and  expose  himself  to  danger. 
The  hare,  in  like  manner,  will  bften  remain  in  her  form  lin*. 
til  the  hunters  are  past,  and  then  steal  away  unperceved. 
But  the  provision  to  which  I  chiefly  refer,  is  the  propensity. 
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in  VseneB  of  danger,  xofeigih  death.  This  is  chieBy  displays 
«  jed  in  various  insects,  and  may  readily  be  perceived  in  the  oom- 

i&oa  dorbeetle,  (JScarabau^  ^tercorariusy  Lin«)    This  insect 

n^hen  seized^  will  stretch  out  its  legs^  rendering  tbemstiff,  and 
'  will  remain  motionless,  until  the  danger  seems  to  be  over. 
•  Iiv  this  state  the  Umbs  may  be  bn^en^  without  any  action 

bein^  excited  in  the  animal. 

III.  Affections. 
The  immediate  object  of  the  two  preceding  classes  of  our 
active  powers,  is  to  secure  to  the  individual  the  comfortable 
continuance. of  existence.  In  the  case  of  the  instincts  which 
are  termed  Affections,  the  object  is  to  communicate  jp&Amr^ 
cfif  pain  to  others.  Those  of  the  first  class  centre  in  our- 
selv^ ;  the  last  have  a  referenpe  to  others,  binding  us  in  a 
variety  of  ways,  to  encrease  their  enjoyments  or  to  repress 
their  faults.  They  have  been  divided,  according  to  their 
object^  into  Benevolent  and  Malevolent  affections. 

Benevolent  Jffhctums. 

•i.  PatenUd  Affectiofh, — We  have  placed  this  instinct 
first  in  order,  because  it  is  the  most  powerful  in  its  im- 
pulses, secures  for  us  the  greatest  quantity  of  enjoyment, 
prompts  to  the  execution  of  the  most  complicated  move- 
ments, and  is  essentially  necessary  to  the  continuation  of 
life.     This  affection  displays  its  energies, 

a.  In  each  ap^^ies  providing  a  euitaile  place  Jbr  the 
birtii  of  its  offspring. — This  end  is  accomplished  with  the 
same  degree  of  certainty  in  those  animals  which  product 
thdr  young  at  first  in  the  form  of  eggs,  as  in  those  which 
bring  them  forth  alive.  Among  the  animals  of  the  former 
class,  denominated  oviparous^  we  witness  fishes  approach 
the  shore  to  deposit  their  spawn  in  the  crevices  of  the  rocks, 
on  the  leaves  of  sea-weeds,  or  in  the  sand ;  but  in  all  thesfi 
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each  qoedes  has  a  peculiar  manner  of  anrangiiig  lU 
cggBy  as  well  as  a  choice  of  situatioiL  In  every  case,  how* 
rm,  they  are  placed  within  the  vivifying  influence  ol  the 
aoiar  raya,  and  are  hatched  at  the  leaaon  of  the  year  moet 
advantageous  for  the  growth  and  the  comfort  of  the  fry. 

In  other  oviparous  ammak,  audi  as  birds,  bef<ve  the  eggs 
can  be  deponted,  a  house  or  nest  must  be  constructed,  often 
consisting  of  various  materials,  collected  with  great  labour, 
and  formed  with  exquisite  neatness,  which  in  a  few  species 
is  lined  with  the  down  which  they  pull  from  their  bodies. 
In  all  these  cases,  obedience  to  ^is  instinct  is  dieerftiUy 
complied  with,  however  difficult,  and  any  obstacle  to  prevent 
the  execution  of  its  purposes  occasions  pmn. 

b.  In  each  species  securing  a  supply  ofsukcMeJbodfor 
its  offspring. — The  simplest  form  in  which  this  law  is  ob- 
served, consists  in  the  parent  depositing  its  ^gs  on  those 
substances  which  are  to  serve  as  food  for  the  young  when 
hatched.  This  is  familiarly  displayed  in  the  case  cf  the 
cabbage-butterfly,  which  deposites  its  eggs  on  the  leaves 
which  are  afterwards  to  serve  as  the  food  of  its  caterfnllar. 
In  the  case  of  the  Oestrus  equi,  the  eggs  are  deposited  in 
such  a  situation,  that  circumstances  are  likely  to  occur,  by 
which  they  shall  be  conveyed  to  a  proper  place  for  the  issu- 
ing forth  of  the  larva,  and  for  its  obtaining  a  suitable  supply 
of  food.  The  female  insect  attaches  her  eggs  to  those  parts 
only  of  the  horse  which  are  most  liable  to  be  licked  by  the 
tongue,  by  which  process  they  are  conveyed  into  the  sto- 
mach. There,  they  are  almost  instantaneously  hatched,  the 
larva,  known  by  the  name  of  bots^  adhere  to  the  coats  of  die 
stomach  by  hooks  with  which  they  are  provided,  obtain 
food  from  the  juices  by  which  the  horse  is  nourished,  and 
when  mature  pas^s  out  with  the  dung,  to  undergo  tlie  future 
<*hanges  of  life. 
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In  many  spedes  ibis  active  prindpiie  mat  only  prpoipto 
the  parent  to  prepare  a  fluiiaUe  reoqitade,  and  depo«it  ita 
e^  tfaerein ;  but,  as  in  tbe  case  of  many  hymenopteroua 
inaecu»  ta  collect  a  quantity  of  food  and  d^KMite  it  in  each 
cell,  for  the  support  of  the  larva  when  esduded. 

The  last  and  most  complicated  eSbri  of  thia  iootinct, 
confiista  in  providing  a  regular  supply  <^  food  for  the  young 
animals,  while  they  are  incapalija  of  feeding  themselves. 
In  the  mammiferous  animals,  the  yotmg  are  supplied  with 
milk  at  the  first,  and  are  accustomed  by  degrees  to  partake 
of  that  food  on  which  they  are  afterwards  to  subsist.  In 
birds,  however,  the  food  must  be  ccdlected  with  mudi  in- 
dustry, and,  when  brought  to  the  nest,  distributed  in  just 
prc^rtions  among  the  callow  young. 

In  the  execution  of  these  various  tasks,  we  never  witness 
any  symptoms  of  reluctance  or  murmuring,  the  labour  b^g 
performed  with  ehearfulness.  Neith^  can  we  discover  any 
awkwardness,  the  mark  of  inexperience.  The  young  and 
the  old,  guided  by  this  instinct,  perform  their  duty  with 
equal  alacrity  and  precision. 

c.  In  each  species  emjiioying  means  to  secure  a  suiUMe 
temperature. — In  the  case  of  oviparous  animals,  care  must 
be  bestowed  to  provide  for  the  egg  a  suitable  temperature 
to  ensure  its  hatching.  The  crocodile  prqmres  a  small 
hillock  of  sand  at  some  distance  from  the  water,  with  a  hol- 
low in  the  middle,  which  she  lines  with  leaves  and  other 
vegetable  matter ;  then  depositee  her  ^gs,  and  covers 
them  over  with  leaves.  The  h^ttfrom  the  fermenting 
leaves,  joined  with  that  of  the  atxooaphere,  soon  hatches 
them.  Birds  remain  upon  their  eggs  for  w«eka  tqgether, 
coverii^  them  carefully  with  th^  bodies,  denying  them- 
selves, during  this  period,  all  the^njojrments  of  liberty,  and 
scarcely  taking  enough  of  ibod  and  exercise  to  keep  them 
in  a  healthy  state,    liven  in  the  interval  of  al)»ei]cc  to  obtain 
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food,  some  birds,  as  the  comtnon  duck,  cover  the  tggs  care- 
fully with  down  and  straw  to  preserve  their  warmth,  and 
))fobably  likewise  to  conceal  them  from  foes.  When  the  eggs 
cure  hatched^  the  old  birds  for  some  time  continue  to  nt  at  in- 
tervals on  the  young  brood,  to  preserve  their  temperature. 

Amcmg  the  mammiferous  animals,  the  same  instinctive 
carefulness,  when  requiate  to  keep  their  young  oii^ring 
warm,  is  equally  appai^t.  Some  make  a  common  bed,  as 
the  sow,  and  permit  the  young  ones  to  He  in  her  bosom. 
The  rabbit,  on  the  other  hand,  covers  her  young  ones  at  the 
first  with  hfdr,  atid  doses  up  the  entrance  to  her  nest,  to 
prevent  the  circulation  of  cold  air. 

d,  In  each  species  keeping  its  own  offspring  in  a  suiU 
able  state  of  cleanliness. — The  circumstances  attending  the 
birth  of  many  animals,  call  for  the  immediate  exertion  of 
the  parent  to  remove  those  things  which  at  the  time  or  af- 
terwards would  injure  or  incommode.  Thus,  in  the  nests 
of  birds  the  fragments  of  the  eggshells,  if  permitted  to 
remain,  would  bruise  and  otherwise  injure  the  young. 
These,  however,  the  parent  birds  take  up  in  their  bill, 
lEUdd  remove  them  to  a  distance.  In  the  case  of  young 
quadrupeds,  the  rapidity  of  evaporation  from  their  moist 
Muface,  immediately  after  birth,  would  prove  injurious  to 
them.  But  the  mother,  as  tnlty  be  seen  in  the  case  of  the 
iiheep,cow,  or  mare,  forgetting  the  psdns  of  parturition,  be- 
i^ns  to  lick  the  hair  and  m&ke  it  dry. 

But  these  are  not  all  the  evils  which  the  instinctive 
power  we  are  now  considering  prompts  the  parents  of  ani- 
mals to  remove.  Before  the  young  birds  are  capable  of 
Voiding  tiheir  excrement  over  the  taiar^  of  the  nest,  the 
old  ones  conVey  away  the  mutings,  which  are  at  first  covet- 
ed with  a  pellicle,  in  their  bills,  and  drop  them  at  a  distance 
'from  their  nest;  With  rabbits  and  other  quadrupeds, 
whose  young  dwell  in  holes,  and  are  bom  blind,  without 
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lettving  the  nest  for  many  days,  the  mothers  apparent- 
ly keep  them  clean,  by  licking  off  all  moistuie  and  fecal . 
matter,  so  that  you  shall  find  the  hair  of.  their  bed  always 
dry,  9fi  well  as  the  9t|«w  bepeath  and  around     When  at- 
tempted' to  be  reared  from  birth  without  a  mother,  it  is 
extremely  difficult,  if  not  impossible,  to  keep  them  dry. 

e.  In  each  species  protecting  its  own  qfftpringjrom  dan^ 
ger. — This  is  chiefly  accomplished  by  fighting  in  their  de^ 
fence  against  th^  threatening  fof .  Even  those  animals,  as 
the  common  hen  tflkd  sheep,  which,  in  general,  protect  their 
own  lives  by  flight,  will,  in  defence  of  their  young,  brave 
every  dwger,  and  exhibit  a  degree  of  courage,  amounting 
to  a  total  disr^ard  to  their  own  safety^  Sometimes,  how- 
ever, they  employ  stratagems  to  lead  the  foe  to  a  distance. 
We  have  seen  the  common  partridge  actually  strike  at  a 
pointer,  who  had,  by  accident,  rushed  unperceived  by  the* 
old  birdsy  into,  the  middle  of  a  covey.  The  ordinary  d&r 
vice  which  she  employs  is  to  run  ofl^,  with  her  wings  hanging 
down,  as  if  she  bad  been  wounded,  to  entice  the  dog  to  fdlow 
her,  and  leave  her  young  in  safety.  We  have  seen  equally  in-, 
teresting  examples  of  the  display  of  the  same  instinct  of  feign- 
ing lameness,  to  lead  an  obtruder  from  theyoung,  in  the  com- 
mon wild  duck,  ringed  plover,  golden  plover,  and  arctic  gull. 
^  When  accidents  prevent  the  young  from  reaching  the 
period  when  they  can  provide  for  their  own  wants,  we  obr/ 
oerve  the  parents  in  a  state  of  painful  un^siness,  and  ex^. 
pressing  their  grief  in  sounds  which  they  seldom  utter  on 
other  occasions^ 

In  the  human  species,  this  instinctke  affection  continuea^ 
to  operate  during  the  whole  of  life.  In  the  inferior  ani«». 
mals,  on  the  other  hand,  tlie  feeling  whi<^h  binds  the-. 
pajrent  to  the  offspring,  ceases,  when  the  latter  have  become 
capable  of  supplying  their  own  wants,  and  securing  their 
own  enjoyments.  .   With  many,  animals,  indeed,  this  in-. 
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stiHct  doeft  ncft  exttnd  to  the  young,  but  k  Itmited  in  ite 
.opavtiooft  to  tbe  depoiition  of  tho  egg  in  a  Buitabk  atua- 
tion.  The  parent,  in  thii»  case,  never  sees  iu  offsprii^ ; 
the  offiipring  le  equally  ignorant  of  the  cbamcterB  of  a  pa* 
rent. 

^.  Filkd  JJbeHon.'^Thk'ias&n^  is  obvioufily  confined 
to  the  young  of  those  animals  which  are  nurtured  at  the 
commencement  of  life  by  a  parentis  care.  Under  its  guid- 
ance, young  animals  are  restrained  from  wandering,  and  in- 
duced to  remdn  under  the  protection  of  their  parents. 
When  fordUy  or  accidentally  removed,  they  utter  sounds 
peculiarly  expressive  of  their  sorrow.  In  obedience  to  the 
same  instinct,  young  animals  observe  the  signals  which  are 
0iade  to  them  by  their  parents.  The  chicken  quickly  obeys 
the  clucking  of  the  hen,  the  bunb  the  bleating  of  the  ewe 
While  young  animals  are  thus  under  the  protection,  and 
obedient  to  the  ngnals  of  their  parents,  they  learn  to  imi- 
tate their  actions,  and  by  degrees  become  acquainted  with 
the  places  which  they  are  afterwards  to  frequent. 

This  instinct  continues  to  operate  during  the  period  of 
paiental  aiection.  In  the  human  spedes,  both  these  active 
powers  continue  for  life ;  while,  among  the  lower  animals, 
the  reciprocal  feelings  of  parental  and  filial  affisction  cease, 
when  the  immediate  objects  for  which  they  were  exercised 
have  been  aooompliiibed. 

8.  Social  Affection. — ^We  have  adopted  the  epithet  So- 
oial,  in  preference  to  Patriotie,  the  term  by  which  this  af- 
fection is  generally  distinguished ;  because,  under  this  last, 
are  frequaitly  included  the  desires  of  place  and  sodety. 
This  is  more  properly  the  love  which  certain  animals  bear 
to  the  individuals  of  their  own  species,  in  preference  to 
those  of  any  other.     It  is  always  accompanied  ynih  the  de- 
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sire  of  sodiety » and  preceded  by  the  parental  and  filial  a£fec- 
tiona.  This  affection  exiata  in  its  purest  form  in  the  hu- 
man speciee,  in  the  boaom  of  a  family,  in  the  superiority  of 
the  parents,  the  obedience  of  the  children,  and  the  desire 
glowing  in  every  breast,  to  guard  from  danger,  and  increase 
the  comfort  of  all.  When  several  families  umte  their  in- 
terests, and  form  a  tribe,  we  observe,  in  this  patriarchal  go* 
vemment,  the  same  subordination  prevmling,  the  same  de* 
sires  and  affections  operating.  Beyond  this  range  of  poli« 
tical  goveniment,  there  is  unquestionably  a  greater  display 
of  the  energies  of  our  nature;  but  they  are  accompanied 
with  less  di^nterestedness  and  integrity. 

In  the  inferior  animals,  where  the  ties  of  paroital  and 
Rlial  affection  soon  lose  their  influence,  there  are  few  instan- 
ces of  the,  family  union  lasting  beyond  a  single  season.  Bat 
the  patriarchal  form  of  government  prevails  in  almost  all 
those  animals  possessed  of  the  deore  of  society,  and  ap* 
pears  to  he  regulated  by  the  same  principles  which  operate 
in  similar  establishments  of  the  human  race.    We  observe^ 
a.  A  Ruler. — ^In  the  lower  animals,  we  do  not  discover 
any  examples  of  deUb^rate  choice,  in  the  appmntment  of  a  ^ 
governor ;  but  in  all  cases,  the  preference  is  given  to  the 
largest,  the  strongest,  and  the  most  courageous  of  the  tribe. 
Between  what  may  be  termed  rival  chiefs,  there  are  fr&. 
quently  furious  combats ;  and  the  victor,  without  further 
resbtance,  assumes  the  command.    This  leader  is,  in  gene- 
ral, a  male :  although,  in  the  common  bee,  it  is  a  female 
who  hords  the  reins  of  government,  limited,  however,  in 
her  power,  and  subject  to  the  oontroul  of  her  ocmstituents. 
There  is  in  these  statemaits  the  free  use  of  terms  borrowed 
from  human  forms ;  but  as  we  regard  these  as  merely  the 
diq[daysof  this  instinct  in  a  particular  species,  the  wdl  known 
phraseology  in  which  their  characters  have  been  detail- 
ed, is  peculiarly  adapted  to  our  general  view  of  the  subject. 
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It  af^iean  to  be  the  duty  of  this  ruler,  to  exerdae  cIo* 
nunion  over  the  iiidividuals  of  hi«  tribe,  to  be  first  at  the  po6t 
of  danger,  and  to  regulate  the  places  for  the  safety  of  all, 
Acoordingly,  in  the  exercise  of  his  office,  a  bull,  a  rain, 
or  a  stallion,  may  easily  be  detected  in  a  flock,  by  supericur 
boldness  and  freedom  of  action,  —by  keeping  on  the  outside 
of  the  group,  l^ld  b^g  foremost  to  hazard  the  chances  of 
a  battle.  The  herds  of  wild  elephants  are  likewise  govern- 
ed by  a  leader ;  and  when  these  are  enclosed  in  a  snare,  he 
is  the  first  that  enters  the  palisades,  the  first  to  become 
captive.  When,  instead  of  fighung,  the  duty  of  the  leader 
is  to  retreat,  we  always,  observe  him  first  in  motion.  Thus, 
in  i^proaching  a  flock  of  seals  on  a  sandbank,  it  is  the 
largest  which  we  observe  moving  first  towards  the  water  ; 
and  in  springing  a  covey  of  partridges,  the  sire  is  usuaUy 
first  on  the  wing. 

b.  Mutual  Sufpori.'^lt  is  obvious,  that  without  obedi^ 
ence  to  the  ruler,  the  tribe  would  lose  the  benefit  of  his 
(MTotection ;  so,  without  a  union  of  strength  or  strati^en  m 
the  hour  of  danger,  the  foe  would  be  able  to  make  more 
extensive  havoc.  If  a  dog  enter  a  park  amcmg  cattle,  a 
general  movement  of  the  herd  towards  him,  indicates  the 
sense  of  common  danger.  When  a  wolf  approaches  the 
flock,  they  form  a  hoUow-square,  and  placing  the  young 
ones  in  the  centre,  are  in  this  manner  prepared  for  the  at- 
tack. In  such  a  situation,  the  bull  as  the  ruler,  usually 
steps  forward  and  chases  the  foe  to  a  distance.  Perhaps, 
however,  the  most  complicated  part  of  this  system  of  mu- 
tual defence,  con^sts  in  the  appointment  of  sentinels  to 
give  warning  of  danger ;  and,  in  the  mean  time,  to  permit 
the  h^rd  to  eat  or  rest  in  safety.  The  monkeys,  when  en- 
gaged  in  their  predatory  excursions,  always  have  one  of 
their  number  at  a  suitable  place,  to  give  warning  of  danger, 
if  necessary.     In  looking  at  a  flock  of  geese  feeding  in  a 
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fidd,  some  of  them  may  always  be  perceived  on  the  watch, 
while  the  others  are  at  work;  and  these,  upon  the  near 
approach  of  a  man  or  a  dog,  instantly  give  the  signal  to 
their  obedient  companions. 

In  many  cases,  this  instinct  is  not  confined  to  giving 
warning  of  danger,  but  prompts  to  the  communication  of 
news  of  food.  This  is  familiarly  illustrated  in  the  disinterest- 
ed conduct  of  the  cock,  who,  upon  finding  a  store  of  food, 
immediately  calls  the  members  of  his  family  to  the  feast. 
It  is,  perhaps,  by  a  prostituted  use  of  this  instinct,  that  the 
decoy  ducks  seduce  the  unsuspecting  flocks  into  the  netted 
ponds  in  the  fenny  districts  of  Lincolnshire,  communicating 
to  them  some  prospect  of  food  or  shelter,  which,  when  em- 
braced, leads  to  capture  and  death. 

In  some  cases,  this  affection  for  the  species,  while  it  is 
generally  in  exercise  towards  the  tribe,  is  more  especially 
directed  towards  a  particular  individual.  In  the  human 
race,  where  this  selection  is  termed  JriendsfUpj  the  chcnce 
is  influenced  by  similarity  of  pursuits  or  principles,  some- 
times by  the  habits  of  acquaintance.  Among  the  lower 
animals,  we  frequently  observe  similar  instances  of  the  par- 
tialities of  friendship,  without  being  able  to  trace  them  with 
any  certainty  to  their  source. 

In  some  cases,  the  social  affection  extends  even  beyond 
the  individuals  of  the  species  to  those  of  other  species, 
whose  organization  and  habits  are  widely  different.  Thus, 
man  often  forms  a  very  strong  attachment  to  the  horse; 
and  the  dog,  by  habit,  prefers  our  society  tb  that  of  t}ie  irir 
dividualfl  of  his  own  kind*. 


*  The  late  Mr  MolfT4«D,  in  the  Supplemeot  to  hi»  OroUholqgiical  Die- 
tMMMUty,  article  «*  Grey  Lag  Goose,*'  relates  the  foUowing  siogolar  itttadi<« 
nvent  .whieh  subsistecl  between  a  female  China  goose  and  fi  pointer,  w)^  had 
VOL.  T.  8 
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Befort  leavuig  tliis  bnmdi  of  the  sulg«^,  we  may  ad- 
vert to  a  very  remarkable  perreraion  of  this  instinct,  (^ 
we' may  venture  to  call  it  ao,)  in  the  case  of  sevend  sogmI 
quadrupeds.  If  a  deer  is  wounded  by  a  shot,  the  had 
win  refuse  to  admit  it  again  into  their  number,  but  will 
persecute  to  death  the  unfortunate  individual.  The  same 
instinct  is  said  to  ptevail  with  wild  cattle  and  elephants. 
How  different  this  treatment  frcwi  that  disinterested  sup. 
port  of  each  other,  which  in  all  other  cases  prevails  in  the 
flock? 

As  nearly  connected  with  this  active  power  which  we  axe 
now  considering,  we  may  enomerate  the  feelings  expreseed 
by  the  terms  gratUude  and  pUjf.  In  one  case  we  feel 
thankful  for  the  kind  offices  of  others,  and  esqpress  our 
feelings  by  a  diqmntion  to  make  a  similar  return.  In  the 
othei^  we  sympathise  with  the  aBicted,  and  endeavour  to  re- 
move their  distress.  These  feelings  are  necessary,  to  pron^ 
to  lhosereci{Mrocal  acts  of  kindness  and  protectimi,  which  we 
witness  to  be  performed  by  all  animak  possessed  of  the  oon- 
grqiating  instinct  They  are  di8{dayed,  in  the  first  in* 
stance,  to  the  individuals  of  their  own  species ;  and  when 
there  is  a  traasferenee  of  aftctbn  to  an  individual  of  ano- 
ther kind,  there  is  a  corresponding  diange  in  the  object  of 
tiidr  gratitude  and  pity. 


kiOcd  the  nude.  •*  Fonto  (fear  tkiU  wm  the  dof  *s  nme)  wm  ma 
^pnnklniltartlM  miedfmranomr,  md  had  Um  dead  biid  tied  to  hii  i 
The  ioUteij  900^  feecBBe  extnmdj  dBrtreteed  ftr  the  loes  of  hct  peitne* 
end  only  compenion  i  and  probably  having  been  attracted  to  the  doyl  kcn- 
nd  taj  the  right  of  her  dead  mate,  she  eeemed  detennined  to  pereecsle  Pon^ 
to  by  her  eooetant  attendanrft  and  contmnal  voclftiatkme  f  and  after  a  Utile 
timei  a  atiiet  enmity  and  ftiendehip  enfaeiBeid  between  theee  ineongnone 
antods^  they  Meat  of  theaame  ttoogh^— Jited  vnder  Hie  eeme  noi;— 
and  In  the  larae  etimw-bed  kept  eaoh  other  warm ;  and  when  the  dog  wae 
taken  to  the  Sc3d^  the  inhanhonkras  fannentationB  of  the  gooee  ftir  the  ab» 
aenoe  of  her  friendv  weic  inceaeant.*' 
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Makvcleni  Affections. 

The  beoevQleat  affections  have^  fiar  tb^r  object,  the  com- 
mimioatkm  of  (deanire  ix  protectkm  to  otbers,-— those  which 
we  are  now  to  eondder,  ^re  regarded  as  destined  to  excite 
to  the  oommiasion  of  actions  calculated  to  inflict  pain.  The 
very  etistenoe  of  such  a  ekss  of  principles  may,  with  great 
jxopriety,  be  doubted 

In  regard  to  the  malevcdent  affection  termed  anger  at 
resenimenij  it  is  merely  a  display  of  the  Jove  qf  li^ ; 
a  desire  which  we  hav^e  afaready  considered*  And  as  % 
proof  of  the  truth  of  thia  opmon,  we  find,  that  it  is  usu- 
ally  regulated  by  the  extent  of  the  injury,  and  the  con- 
sequient  risks  of  life  whidi  it  oocasionB.  In  like  man* 
ner*  when  we  are  united  in  sodai  afection  with  cmr  kiady 
hidignistion  is  exdted  when  we  see  odiers  injured;  be- 
cause, without  being  checked,  the  evil  may  extend.to  our- 
setres.  The  same  determinatiott  to  support  our  neigfaboufis 
is  evinced,  when  our  attadunent  is  fixed  on  indrridoals  of 
other  qpecies,  as  a  horpe  or  aUrd.  It  displ^s  itself  in  the 
dog,  who  will  resent  a  blow  given  to  his  master,  with  aa 
much  keennefis  as  one  inflicted  on  himself.  The^aimi 
which  we  observe  subsisting  between  diflbreitt  species,  uni^ 
formly  arises  from  oiir  appetitesor  denresL  A  cat  will  k3| 
a  shrew,  but  will  not  eat  it.  This,  hownvaiV  does  not  ariaa 
from  any  hatred  to  the  direw,  but  i  n  haviag^  fiNNSi  the  hurry 
of  capture,  mistaken  it  for  a  mouse.  OiNMiliMr  nifevoleal 
aflections,  as  jealousy  and  envy,  maybetaaaaAtotiwadfislK 
ness  of  our  apperitea  aii.Hwiire&  TbeooMMa^  indeed,  <^ 
a  set  of  prindfdes  in  listfMatetioh,  whoaaaalMll^  waa  to 
inflict  pam,  would  ba  weaaethan  useleaai%Aaecflnomyof 
animals.  Pain  is,  witbot  ibubt,  necessarily  iifli  i>t>dj  iti  the 
gratification  of  the  appetites  and  deeires  of  neairi^alt  animals. 
But  althouj^  pain  or  ssfinawbe  correbtia^witli  our  iiw 
stincts,  there  are  none  of  tihaarv^wbi^ppeartob^es^usive^ 
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]y  appmnted  for  its  production.  Besides,  the  malevdent  af- 
fections, if  they  do  exist,  must  be  destined  to  inflict  pain  on 
the  individual  exerasing  them ;  anoe  they  are  always  ac- 
companied with  emotions  in  him  who  indulges  them,  equally 
unpleasant  as  those  likely  to  be  excited  in  the  obgectsof  his 
(fispleasure.  Such  a  view  of  the  principles  whidi  regulate 
animated  nature,  has  never  been  warranted  by  obsarva* 
tion,  nor  contemplated  by  reflection. 

Befoi:e  ck)(^ng  this  aoeount  of  the  instinctive  or  active 
powers,  it  may  b^  thought  necessary  that  we  should  oBBar  a 
few  observations  en  the  temperament  of  animals,  or  the 
rdative  facility  with  which  the  instinctive  powers  of  indi- 
viduals or  species  can  be  excited.  On  this  sul^ect,  how- 
ever, little  predse  informatioa  has  been  obtained.  The 
temperaments  are  usually  divided  into  four  kinds,  the  stm^ 
gukneousj  excited  readily,  slightly  and  transiently;  the 
choleric^  excited  readily,  violently  and  transiently ;  the 
^ukmckoRc^  excited  slowly,  but  more  permanently;  and 
ihit  fhUgmaiiCy  excited  with  difficulty.  There  are  varioua 
modifications  of  these,  which  do  not,  however,  merit  a  par^ 
ticulfur  enumeration.  The  laws  which  regulate  the  temper- 
aments of  animals  have  never  been  devdoped;  and  the 
subgect  seems  scarcdy  to  admit  of  illustration.  We  ob. 
s^rve  such  variety  in  the  individuals  of  the  same  qiecies, 
and  evoi  in  the  same  individual  at  diffamit  times,  as  to 
baffle  all  attempts  to  generalise.  Carnivorous  animals  are, 
in  general,  the .  most,  easily  excited,,  and  the  most  violent ; 
pisdvorous  anilna^3  ai^  less  violent,  while  herbivorous  ani- 
mals, on  the  other  band,  are  possessed  of  gentler  dispoai^ 
tions.  But  ^tbeae  ranarks  apply  to  particular  instincts 
merely,  and  do  not  embrace  all  the  active  powers.  Even  the 
same  individual  differs  with  regard  to  particular  instincts. 
How  phk^matic  is  the  hen,  in  general,  in  her  appetites  and 
deares ;  but  while  rearing  her  young,  how  choleric  ?  Evoi 
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in  the  citee  of  herbivorous  animals,  there  are  very  marked 
diflerekioes  in  the  spedes  of  the  same  genus,  as  between  the 
ox  and  the  bu£Palo,— the  horse  and  the  zebnu 

IV.  Ok  the  IkUTUAt  COMMUNICATIOK  OF  FeELING. 

It  is  necessary,  for  the  exercise  of  the  various  intellec- 
tual^ but  especially  of  the  active  powers,  that  animals  should 
be  aMe  to  make  known  to  others,  the  impresnons  which 
they  receive,  or  the  propensities  which  they  feel.  In  this 
kind  of  mutual  communication,  there  are  various  ways  in 
which  the  object  is  accomplished.  The  ear  is  subservient 
to  the  purpose  in  some  cases,  the  eye,  and  even  the  touch, 
in  others.  The  method  of  holding  intercourse  by  means  of 
sounds,  being  the  most  general,  first  merit8  our  attention. 

a.  The  conrnunicaiion  of  Feeling  by  meanu  qf  Sounds 
addressed  to  the  £ar.— -Among  animals  which  em[doy 
sounds  as  the  medium  of  expressing  their  thoughts,  those 
only  possess  what  is  termed  a  voice^  which  breathe  by  means 
of  lungs.  The  vmce  is  generated,  by  the  air'expdied 
ftom  the  lungs  passing  through  the  wind-pipe  and  mouth, 
and  exciting  those  vibrations  in  these  parts  whieh  produce 
sound.  The  variety  of  structure  exhibited  by  the  wind- 
jnpe  and  mouth,  on  which  the  different  conditions  of  the 
sounds  depend,  will  afterwards  come  under  our  more  par- 
ticular examination.  We  ate  at  present  considering  the 
vcnoe  as  an  auxiliary  power  of  the  mind.  Hoarded  in  this 
light,  the  sounds  which  are  uttered  iri  the  communication  of 
feeling,  are  either  natural  or  acquired. 

Every  animal  po&Msssed  of  a  voice,  has  the  power  of 
emittii^  those  sounds  which  may  be  termed  its  Naltstrid 
Language,  These  sounds,  immediatdy  after  birth,  are 
excluflivety  occupied  in  expressing  the  presence  <£  patn>  or 
the  conditions  of  the  instincts  of  food  and  temperature. 
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Bj  degrees,  they  are  directed  to  express  the  wants  or  the 
enjpjmeDtB  of  die  other  active  powers.  In  all  the  mdi- 
viduals  of  a  aperiesy  the  same  sounds  are  uttered  in  expies- 
sing  the  same  feelings.  But  among  individuals  helonging 
to  different  species,  the  greatest  diversity  prevaib  in  the 
sounds  of  their  natural  language,  as  may  be  observed  b 
the  dissimilar  cries  of  the  larnb^  the  foal,  ^nd  the  calfl 

In  mmy  cases,  this  iaaguiige  af^peera  exdusivdy  to  be 
a.bond.of  uDion  between  thfe  young  animals  and  their  pa- 
IPentsj  by  which  the  former  can  express  th^  wants,  and 

•  guide  the.inotiom  ol  the  latter  in  suf^yii^  them.  In 
proof  (tf  the  truth  of  this  retnark,  we  need  only  observe^ 

.  th#t  this  iMiguiige  of  infancy  is  gradually  neglected,  as  the 
protectionbf  the  parent  ceases  to  be  necessary;  and  other 
sounds  are  employed,  in  the  independence  of  maturity,  to 
express  the  same  feelings,  and  others  belonging  to  dieir 
n^w  conation.  Thus,  the  cries  of  dudLtipgs,  when  under 
the  guidancse  of  tbar  mother,  are  different  from  those  whidi 
^ey  utt^  when  able  to  provide  fiir  themselves ;  and  when 
roaming  about  in  the  com-yardy  or  swimming  on  the  pond. 

.  That  thesQ  established  sounds,  are  equally  natural  with 
those  uttered  in  infiuicy,  is  demonstrated  by  this  drcum- 
stance,  that  ducklu^  hatched  under  a  hen,  and  brou^t 
up  remote  tnm  any  other  indi^nals  of  thdr  own  qpecaes, 

'  utter  the  sounds  commcm  to  th^  kind. 

Some  animals  are  destitute  of  any  language  at  birth, 
apd  do  not  utter  sounds  until  they  have  arrived  at  maturi- 
ty. In  those  cases,  which  occur  among  oviparous  aninuds, 
there  is  no  connection  between  the  parentand  the  ofiqving, 
the  latter  having  no  wants  but  those  which  its  own  .instincts 
can  supply.  Sounds,  therefiwe,  or  cries,  would  be  uttered  m 
viMn.    But  in  approaching  maturity,  when  it  is  neeessaiy 

.that  an  intercbaoge  of  feeliog  should  take  place  with  others 

4if  its  kind,  a  language  is  provided  suited  to  the  occasion. 
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lliiii,  tbefrag,  wlMDinatadpcde^tate,  isalent;  nor  does 
it  ewer  utter  itt  GnrnkingSi  until  it  hasMacbed  nwtuiily. 

Tlie  sounds  by  wbich  we  ei^rasB  pain,  aie  untfefsallj 
diisgrfcehle  to  those  of  our  own  gpedes;  idiik  those  which 
indiaite  happiness  are  {leasing.  There  is  even  a  corre^ 
prmdiag  wpipathy  eauated  by  the  sounds  i^ich  the  inferi- 
or'ammak  utter^  expressiire  of  pleasure  or  pain* 

The  possession  of  this  natural  language  is  peculiar  to 
those  animak  which  live  in  socie^,  either  unifiarmly  or  oo» 
casionally.  In  the  former  case,  the  iacultj  of  Isqgui^  is 
genenlly  oo-eval  with  lifie,  while  in  the  hutet,  it  is  only  poa- 
seseed  during  the  period4>f  the  social  Jinian,  and  disappears 
when  the  temporary  purposes  for  whidi  it  w»  necessafy 
have  been  aocompCshed*  ^ 

In  this  natural  language,  the  vowel  sounds  are  chiefly 
^ibservdble  in  the  child,  although  the  sounds  of  consonants, 
particularly  K  and  R,  may  aften  be  dktmguished  Many 
4a£  the  sounds  of  the  lower  animals  aonsistof  monosy  llaMeSi 
as  those  of  the  lamb,  while  those  of  the  eaekee  or  partridge 
«onrist  af  two  syllables,  and  even  three  may  %e  •perceived 
in  the  moumfoL  cry  of  the  kitteewake,  when  disturbed 
^luring  the  breeding  season. 

In  Man,  the  natural  language  consists  in  weeping  and 
aomerimes  laughing,  and  to  these  are  added,  in  after  life, 
mother  sounds  which  express  anger,  joy,  or  pain.  These 
jKtions  are  not  confined  to  a  particular  tribe,  but  are  couk 
mon  to  the  race,  and  univeraally  understood. 

In  the  examination  of  /wjuired  language,  w«  are 
frequently  at  a  loss  to  draw  the  line  of  distinction  be^ 
tween  the  sounds  of  nature  and  those  of  imitation.  Beu 
Sate  we  can  judge  with  certainty  on  die  subject,  we  must 
take  the  particubur  animals  whose  language  we  are  examin> 
ing  under  our  care,  in  order  to  become  acquainted  with 
tJieir  natural  sounds,  and  die  education  of  which  they  are 
susceptible*     It  is  necessary,  likewise,  that  we  attend  ie 
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the  oonditiona  requisite  for  receiving  thiskind of  educAtioii. 
It  is  obvioa%  that  there  is  required  a  peculiar  orgaiiixatioD, 
inorder,iKit  merely  to  utter  the  natural  sounds,  but  to  modify 
in  tone,  intennty,  and  expresaon,  the  sounds  which  ean  be 
produced,  so  as  to  resemble  the  notes  which  are  to  be  inqui- 
red.    This  capability  of  the  organs  to  modify  themselves  to 
acquire  particular  sounds  to  any  extent^  only  lasts  during  the 
period  of  youth.  Afterwards,  the  muscles  of  the  voioe  are  not 
so  obedient  to  the  will,  and  it  becomes  difficult  to  leani  to 
pronounce  readily,  sounds  to  whidi  we  have  not  been  previ- 
ously accustomed.  To  this  cause  may  be  referred  the  extreme 
difficulty  of  ceasing  to  use  the  accent  of  one's  native  tongue, 
and  of  acquiring  that  of  a  foreign  language.  There  is,  hoiw- 
ever,  a  second  condition,  on  which. this  susceptibility  of  ac- 
quiring language  greatly  depends,  namely,  quickness'  of 
hearing.    In  order  to  learn  to  imitate  sounds,  it  is  neoes^ 
sary  that  we  be  able  to  discriminate  their  qualities  accu« 
rately,  to  know  what  we  are  to  imitate,  and  determine  on 
our  degree  of  success.     A  delicate  ear,  therefore,  is  essen- 
tially  requisite,  imd  as  it  chiefly  exists  in  early  life,  when 
the  oi'gan  of  hearing  is  in  the  soundest  state,  we  may  dis- 
cover one  reason,  at  least,  why  the  young  learn  to  pro- 
nounce new  sounds  more  readily  than  the  dd.     But,  even 
with  the  existence  of  <H'gans  capable  of  articulating  an  ac- 
•quired  language,  and  a  delicate  ear  to  discriminate  sounds, 
there  is  required  the  desire  of  imitation  to  induce  us  to  ex- 
ert these  organs  in  producing  a  resemblance  to  the  sounds 
we  hear.     It  often  happens,  particularly  among  birds,  that 
the  power  of  imitation  is  scarcely  exerted  in  any  other 
manner. 

By  attending  to  the  conditions  requisite  to  acquire  lan- 
guage, we  perceive  the  reason  why  persons  bom  deaf  are 
at  the  same  time  dumb.  They  do  utter,  indeed,  the  sounds 
of  natural  language,  expressive  of  their  feelings,  but  as 
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they  do  not  he&t  the  flounds  trhich  lythers  utter,  they  havci 
ooiiK(|iieDtly  no  guide  to  their  power  of  imitation.     By 
operafiiiig  upon  th«r  natutitl  cries^  and  by  the  help  of  agns^ 
l»ey  may  be  taught  to  ^peak^  but  thar  Toioe  is  imequiA 
and  harsh.    It  is  equally  possible  to  be  aMe  to  distinguish 
sounds^  aad^  to  a  limited  extent,  the  dugs  whioh  they  are 
intended  to  represent,  with€mt  possessing  the  capability  of 
voice  neoessary  for  imitating  them.     T^his  is  conspicuous^ 
ly  die^case  in  the  dog  and  horse,  which  understand  the  lan- 
guage of  command,  encouragemeBt,  and  approbatibn,  and 
yet  are  incapable  of  producing  any  anakogous  sounds.   The 
parrot,  modUbird,  and  many  others,  can  learn  to  imitate 
many  kinds  of  sounds  widxNit  comprehending  the  things  of 
which  they  are  the  signs*    By  mudi  troublci  however^ 
they  may  be  made  to  perceive  the  osmection^  and  ev^n  to 
avail  themselves  of  their  knowledge,  to  express  their  wants 
or  desires.    It  is  necessary,  however,  to  state  this  impof- 
tant  limitadon^  that  these  sounds  communicate  infinrmation 
to  man  ak>ne,  thar  instructor,  and  do  not  constitute  any 
channel  of  communication  between  indvndoals  of  their  own 
BpecieSk 

The  most  obviously  acquired  sounds  in  the  infericnr  ani- 
mals, may  be  observed  in  the  Singing  of  Birds.  If  a 
young  linnet,  for  example,  be  taken  from  the  nest,  and 
brought  up  in  the  company  of  the  nightingale  or  lark^  in. 
stead  of  learning  to  utter  the  musicfil  notes  of  its  own  spe- 
cies, it  imitates  the  song  of  that  bird  which  it  has  been  ac- 
customed to  hear,  more  or  less  perfectly,  according  to  the 
state  of  its  organs.  In  this  mode  of  educating  sin^g  birds, 
there  is  frequently  displayed'  a  power  of  selection  on  the 
part  of  the  young  scholar.  *<  I  educated,  (says  the  Hon- 
ourable Dainxs  Baeeihgtov*,)  a  nestling  robin  under 


*  Bxperiments  and  Obeervaiions  on  the  Singing  Birds.    Phfl.  Tran& 
VOL  IziU.  fi.  tSS. 
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a  ivmd  Jtt^  liimet,  (a  liBiiet  with  the  aoiig  of  the  wood^ 
wbidk  wm  fiitt  in  mmg^  and  huag  nry  near  to  him  tar  a 
nonth  together;  after  wfaidi,  the  lobia  was  removad  to 
aaother  house,  where  he  could  only  hear  a  skyJarii  hnnet. 
The  oQHaequeDoe  was,  thai  ^  neatfing  did  not  mg  a  aote 
of  woodlarh,  (thou^  I  afterwaide  hui^  hbn  again  just 
above  the  woodJark  linnet,)  but  adhered  entundy  to  the 
aoe^  of  the  sky-lark  linnet.'' 

If  hirds  thus  aoquive  so  easily,  in  a  state  of  ooofiaeBnent, 
the  Bipg  of  others,  howeomesittDpassdutyinawildslate, 
each  individual  aeqnires  only  the  notes  of  its  own  speciaa? 
Evenin.a  state  rfccinimement,  young  birds  hnitale  the  notieB 
of  these  of  their  own  species  move  readily  than  those  of  any 
other  bird«  The  sanie  observer,  to  whom  wa  have  ahrendy 
alluded,  says^  *^  Young  Canaiy  birds  aaefiwquently  reared 
in  a  room  where  there  are  many  other  sorts;  and  yet  I 
have  been  iaibnned  that  they  only  learn  the  sang  of  the 
parent  eock.''  Even  in  a  wild  slate,  aUhou^  the  twite 
and  hmiet  fly  in  company,  ^  yet  these  two  species  of  Urds 
never  learn  each  other's  notes.**  The  same  may  bessld 
of  many  other  Urds  which  live  in  the  same  place,  and 
nestle  m  the  same  hedge.  These  ciremnstanoes  paobably 
arise  finom  the  structuie  of  the  atfpas  at  each  species 
enabling  them  more  eaaly  to  piodhice  the  notes  of  their 
own  qpecies  than  those  of  any  other,  and  fhxn  the 
notes  of  their  own  species  being  more  i^greeaMe  to  iheir 
ears.  These  conditions,  jmned  to  the  CaaStj  of  hear- 
ing theeong  of  their  own  species,  in  consequence  of  fee- 
quentii^  the  same  phKM,  detennine  the  diaiaoter  of  the 
acquired  lasguage  of  the  feadiered  tribes.  We  are  even 
disposed  to  conclude^  Aat  an  individual  untutored,  and 
mthout  an  example  to  imitale,  would,  if  assodatfd  irilh  a 
mate  in  the  breeding  season,  acquire,  by  its  own  effixts, 
notes  nearly  similar  to  diose  of  its  parent  This  is,  indeed, 
partly  proven  by  the  song  of  solitary  birds,  in  aertam  cases. 
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whicb  often  approaches  the  naUir^l,  aod  Um  prewniiliQii 
M  strengthened  by  the  drcumslance,  that  the  fim  attempts 
at  song,  termed  rtfo^rd^g,  are  merelyrepedtkiiis  of  the  lu^ 
tural  cry  of  the  bird 

There  is  another  feature  m  the  soi^  of  birds  whidi 
merits  obsenratkm.  They  sing  chiefly  diving  the  seasen 
of  love,  and  in  confinement)  when  in  full  health..  Henee 
we  may  regard  thb  language  as  connected  with  appetite 
and  expreflfiTe  of  eqojnonent  or  pleasure. 

All  the  indiyiduals  of  a  species  acquire  the  same  song  in 
whatever  oountiy  they  have  been  hatched.  Slight  dilb. 
lenoes  have  indeed  been  observed;  and  henoe,  as  we 
are  informed  by  BAaaiVGTOv,  the  London  Urd^catchers 
prefer  the  song  of  the  Kentish  gold-finches,  but  Essex  diaf- 
fbKheSyand  the  mghtingale  fanciers,  a  Surrey  Urd  to  those 
of  Middlesex.  These  variations  may  be  expected  accord- 
ing to  the  constitution  of  individuals,  aflected  by  the  Sooi 
and  ten^perature  of  the  plaoes  in  whidi  they  have  been 
reared.  They  are,  however,  confined  to  nanow  bounds, 
and  require  a  vary  delicate  and  experienced  obeerver  to  de- 
tect thnr  existoace. 

We  have  thought  it  expedient  to  offer  these  observations 
on  the  acquired  language  of  Inrds,  in  order  to  enable  us  to 
formamorecorrectideaof  the  language  of  Man.  In  treat- 
ing of  this  branch  of  the  subject,  we  shall  confine  ourselves 
to  what  may  be  termed  the  natural  characters  of  buqian 
speech,  leaving  the  details  of  its  artificial  arrangement  to 
die  rhetorician  and  grammarian. 

Independent  of  the  natural  .cries  by  which»  in  infancy, 
we  express  our  wants,  we  hear  sounds  uttered  by  the  indip 
viduals  of  our  qpedes  around  us,  which  we  are  disposed  to 
imitate,  and  soon  find  ourselves  equal  to  the  task*  These 
words  or  sounds  we  soon  percrive  to  be  the  names  employ- 
ed to  dengnate  pMrticidar  objects;  we  leani  tduse  them  for 
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the  9moe  purpose;  and  ave  encoittBged  in  the  attempti 
by  the  facility  with  which' we  can  thus  express  to  others 
the  ideas  which  external  objects  have  excited  in  our  own 
minds.  By  attending  to  the  words  themsdves  by  which 
objects  are  distinguished,  we  perceive  manifest  differences 
in  the  nature  of  the  sounds,  and  in  the  manner  of  produ- 
dmgthem.  We  annex  to  these  diilbrenoes  particular  names^ 
and  employ  particular  symbols  addressed  to  the  eye  to  dia- 
tinguish  them,  and  thus  form  what  is  termed  an  Alphabet 
The  letters  are  divided,  by  grammarians,  into  vowels  and 
^nsonants.  This  arrangement  Is  likewise  suited  to  the 
^ysiologist. 

In  uttering  the  vowel  sounds,  the  mouth  is  open,  and  the 
diiferences  are  ploduced  by  the  position  of  the  tongue,  and 
the  form  which  we  give  to  the  opening  by  the  fips.  The 
consonants,  on  the  other  hand,  are  formed  by  the  almost 
total  interruption  of  the  expelled  air,  for  a  time,  by  the 
tongue,  lips,  palate,  or  teeth.  The  labial  consonants,  (of 
the  English  language^)  are  farmed  by  the  contact  of  the 
lips,  as  in  jif ,  B^  P%  The  sound  of  fV'  is  intermediate  be- 
tween that  of  a  vowel  and  consonant,  as  the  lips  are  never 
so  completely  closed  as  in  the  latter,  nor  so  distant  as  in 
the  former^  The  devUclabwl  are  produced  by  the  union 
or  separation  of  the  u^fp&t  front  teeth  with  the  under  lip, 
as  F,  V.  The  pahOme  consonants  are  formed  by  the 
application  of  the  tongue  to  the  palate,  as  H,  L,  N,  R,  S, . 
X,  or  as  C,  D,  G,  I,  T,  Z,  together  with  K  and  Q. 

By  means  of  these  various  sounds,  either  separately  or 
variously  combined,  man  is  aUe  to  form  symbds  by  which 
to  desgnate  the  objects  of  nature  and  their  conditions,  and 
to  reveal  the  secret  workings  oif  his  soul.  But  in  this  power 
of  communicating  his  thoughts,  he  is  limited  to  the  fiunily 
or  tribe  in  which  he  has  been  reared,  and  whose  arbitrary 
soimds  he  has  learned  to  imitate  and  comprehend.    Beyond 
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the  limits  of  their  territory,  the  voioe  of  strangers  woiiM  b^ 
unintelligible,  and  his  own  sounds  unmeaning.  The  acqui- 
red language  of  man  therefore  differs,  in  this  respect,  from 
the  natural  sounds  of  the  inferior  animals.  In  each  spedes^ 
unless  oontrcdled  by  human  agency,  all  the  individuals  ac- 
quire the  same  notes,  and  utter  the  same  sounds.  But  tlie 
acquired  language  of  man  differs  with  the  country  in  which 
he  lives,  and  even  in  the  same  country  it  is  ever  varying. 
To  what  causes  are  we  to  refer  these  differences  and 
changes  in  human  speech  P 

It  is  generally  supposed,  that  the  volume  of  Inspiratioa 
gives  a  solution  to  the  questicm,  in  the  history  g^ven  by 
Moses,  of  the  confusion  of  tongues,  in  the  eleventh  chapter 
al  Grenesis.  But  amidst  some  variety  of  interpretation  of 
which  the  passage  is  susceptible,  there  is  reason  to  eoodude^ 
that  the  buildii^  of  Babel  was  the  undertaking  of  the  des. 
cendants  of  Ham  only,  and  that  the  conftision  of  languages 
which  there  took  place,  was  by  the  special  interposition  of 
Heavoi,  for  the  purpose  of  fimstrating  the  ambitious  schemes 
of  Nimrod  and  his  followers,  and  of  preventing  them  from 
oongr^ating  in  excessive  numbers  in  the  pJainaof  Shinar, 

Before  attempting  to  enumerate  those  circumstances 
which  have  operated  in  producing  the  great  diversity  of 
speech  among  the  different  natimis  of  the  earth,  it  may  be 
necessary  to  state,  that  the  sounds  expressed  by  the  con- 
sonants, are  more  permanent  than  those  indicated  by  the 
vowels.  We  perceive  more  clearly  the  mechanical  action 
requisite  in  the  production  of  the  former,  while  the  changes 
on  which  the  different  sounds  of  the  latttf  depend,  are  too 
minute  for  our  comprehensbn,  and  their  effects  frequently 
too  obscure  to  be  properly  appreciated  by  the  ear.  Hence 
there  .is  frequently,  even  in  the  same  country,  a  substitu^ 
tion  of  these  vowel  sounds.  The  sounds  of  the  consonants 
bong  more  definite  and  a  substitution  of  one  of  these  for 
another  does  not  so  frequently  take  place.     When  these 
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two  kinds  of  letters  are  oobjoined  toferm  a  word,  the  aatne 
diangeeUenesB  of  diameter  in  the  vowels  may  likewise  be 
percieiyed.  But  in  attending  to  the  language  of  dUBaKDi 
nations,  more  remarkaUcf  differences  than  these  to  which 
we  have  now  alluded  appear  to  exist.  We  may  detect  the 
same  sound  of  vowels  and  ocnsonsstts,  but  these  sounds 
are  the  sjrmbols  of  other  objects,  and  express  different  ideasL 
What,  then,  an  those  causes  whioh  operate  in  the  produc- 
tion of  such  diyersity  of  speech  in  the  sane  qpecies?  The 
following  sources  of  change  appear  to  include  all  the  cv- 
cumstanees  whidi  exercise  any  remarkable  influenoe,-^e 
structure  of  the  organs,— the  variety  of  ntuatkm,  and  the 
progress  of  civiKzatkin. 

When  we  oondlder  the  complicated  structure  of  those  *or- 
gans  destined  to  produce  Voice,  the  varied  movements  they 
execute  in  articulating  the  diftrent  sounds,  added  to  the 
influence  exercised  by  age,  sex,  constitution  and  habit  on 
the  various  musdes,  we  may  perhaps  be  disposed  to  con- 
clude, that  we  have  discovered  causes  adequate  to  aoeount 
for  all  the  phenomena.    It  cannot  indeed  be^eiiied,  thai 
these  drcumstanees  operate  in  the  production  of  that  peen- 
Bar  mode  of  speaking,  by  which  an  individual  may  be  dis- 
tinguished fr&m  all  his  acquaintafllbe.     It  may  even  be 
granted,  that  the  sounds  produced  by  one  individual,  and 
which  were  at  first  specific,  may,  l^  being  imitated  by 
the  young,  become  general  in  die  district     Diflerenees 
may  therelinre  arise  in  the  manner  of  pionounciiig  the 
vowds,  and  periu^  one  or  two  of  the  consonanta,  in 
the  mode  of  accenting  the  syllables,  and  in  the  tone  and 
energy  of  expression.     A  diflerence  of  organisation,  there- 
ibre,  may  account  for  the  existence  of  provihdal  sounds 
or  dialects,  but  it  offers  no  explanation  of  the  fact,  that 
the  same  syllables  among  difierent  tribes  do  not  express 
the  same  ideas  nor  appear  in  words  in  the  same  re- 
lative position.   But  as  a  proof  that  other  causes  operate 
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much  mofe  powerfully  id  the  pvoductaon  of  dUfera^  Ian* 
guides,  than  Tarieties  in  the  structureof  the  oi^gaaM  en^ 
ployed;  or  rather,  thai  organical  dbferenoes  exereiae  but 
fedxie  jnfluenoe^  we  may  8tate»  that  our  capability  of  kami- 
ing  to  qpeak  a  strange  language,  does  not  depend  on  any 
peculiar  provincial  or  narional  structure  of  ^  organs^  ori^ 
ginating  in  a  peculiar  state  of  the  larynx,  and  strei^;che»i. 
ed  by  the  custom  and  habits  of  generations*    There  is  not 
one  organical  conformation  qualifying  one  to  qpeak  G«& 
man,  another  to  speak  French,  and  a  third  to  qpeak  Eng- 
lidi.    The  organs  of  these  nalione  are  the  same,  and  their 
capaUlities  the  same.    There  is  no  predispositian  to  speak 
one  language  more  than  another.     Hence,  althou^  we 
admit  the  comphcated  nature  of  the  vocal  organs,  and  the 
eonstitntional  difSnences  which  they  exhibit,  we  perceive 
that  these  c/Ssr  no  obstacle  to  the  acquiwtion  of  any  lan- 
guage, since,  in  the  words  of  one  ci,  the'  most  cetebrated 
anatomists  of  the  age,  who  neverthdess  is  diiposed  to  refer 
the  variety  cS  languages  chiefly  to  circumstances  connected 
with  the  vocal  organs,  ^<  all  children  acquire  the  times, 
accents,  and  axticulalions  of  those  countries  in  wUch  they 
are  educated ;  an  evident  proof,  that,  prior  to  the  forma* 
tion  of  habits,  the  vocal  musdes  may  be  brought  to-  act  in 
any  one  of  the  numerous  millions  of  eombinatioDS  that  have 
ever  been  adopted  by  any  tribe^  family,  or  nation  of  th& 
human  raoe,  and  be  made  to  acquire  the  habit  of  ptaooam^ 
€mg9  with  leadBaesB  and  ease,^  any  one  of  liim  afanost  infinite 
varie^  ot  languages  that  have  bera,  that  are^  or  that  ever 
diatt  be  on  the  hce  of  the  globe  *.^  Siaesy  then,  the  con* 
dition  of  the  organs  exeroses  but  a  feeble  influence  in  the 


*  A  New  Anatomical  Nomenelatiife  bj  Join  Baiicut»  M.  Tk- 
l60S,p.fSL 
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produetba  of  a  diventty  <tf  tongues,  let  us  now  attend  to 
the  influence  of  a^uatiiki. 

If  we  suppose  a  family  or  tribe  dwelling  in  a  disttict  of 
small  dimensions,  we  can  eaaly  imagine,  that  the  same 
signs  would  be  employed  by  all.  Every  one  would  be  .fa»> 
miliar  with  the  same  natural  ol^eets^  and  be  engaged  in  the 
performance  of  the  same  actions.  A  sign  therefore  once 
adcqpted  and  understood,  would  continue  to  be  employed ; 
and  as  new  objects  would  seldom  present  themselves  of  suf<- 
ficient  importance  to  call  for  a  new  sign,  those  few  which  ctr« 
cumstances  might  render  necessary,  would  speedily  be  made 
known  to  all.  But  if  we  sufqxMe  a  separation  to  take  place, 
and  a  branch  of  this  tribe  induced  to  emigrale  to  a  new 
district.  What  effect  would  this  change  of  place  produce 
upon  their  language  ?  New  objects  would  present  them- 
selves, requiring  new  signs  by  which  to  express  them; 
new  movements  would  be  exhibited  by  these  otyects,  and 
new  operations  performed  upon  them,  all  giving  rie^  to  new 
sounds  or  signs.  In  the  mean  time,  the  eld  otgects*  np 
longer  recurring^  would  be  forgotten,  and  the  signs  by 
which  they  were  expressed,  either  n^lected  or  annexed  to 
new  objects,  with  which  tliey  might  be  but  obscurely  con- 
nected. In  this  manner,  in  the  couree  of  a  few  years,  the 
emigrants  would  have  added  many  words  to  their  language, 
expressive  of  obyects,  qualities,  and  actions,  unknown  to  the 
tribe  fiom  which  they  had  separated,  imd  a  geoerffyotx 
would  scarcely  have  elapsed,  b^ore  the  two  tribes  spoke 
different  languages,  and  the  sound  of  the  one  bad  become 
strange  to  the  other.  If  we  conceive  a  tribe  living  in  a 
mountainous  district,  and  familiar  with  glens  and  preci- 
pices, and  cataracts,  to  descend  into  the  plains,  how  many 
of  their  fflgns  would  cease  to  be  employed,  and  how  many 
n^w  ones  would  be  requisite  to  express  the  character  of  the 
rivers  and  their  inundations,  the  meadows  and  pools  ?     If 
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they  jouraey  qpward  tothe  sea  ^hore,  the  ebbu^  and  flow** 
iaag  of  tbe  water^  the  waves  and  thor  munnuringq  and 
xoaringB,  irould  attract  notioe  and  reoeirepardcular  deag** 
nationg.  In  eadi  diatriet,  theMfare,  time  will  be  a  pard* 
cular  famgiiage,  expieanve  of  the  objects  which  are  peculiar 
to  it,  and  of  their  idation  to  the  waols  of  its  inhabitants^ 
We  have  Jikewiae  to  bear  in  mind,  that  evsery  counlity  iiuv 
niahea  man  with  a  supply  of  animals  and  vegetables  which 
are^  in«great  measure^  pepuliar  to  it8elf,-^-peculiar  modes 
of  ooUecting  and  storing  fruit  or  grain  must,  therefore,  be 
resorted  to, — a  peculiar  mode  of  hunting  and  fishing  praoy 
tiaed,-— a  peculiar  mode  of  clothing  and  shelter  adopted,  all 
giving  rise  to  new  names,  expressive  of  otgects,  qualities 
and  actions.  In  the  oonstruetian  of  these  new  words^  it  is 
obvious,  that,in  this  stage  of  society,  there  are  DO  jules  but 
tbe  caprice  of  individuals,  influencert  by  the  souAds  of  m- 
ture  and  the  NsanUanoe  which  may  be  traced  beatweoi 
the  old  and  new  jolgects.  There  is  always  an  av^nion  to 
the  fonnation  of  new  sounds^  and  this  aversion  has  given 
rise  to  attempts  at  generaUzatbn,  or  the  introductioiic^gp* 
nera  and  ^cdes.  By  degrees,  howiever,  the  terms  in  which 
they  ase  expressed,  coakace,  and  the  lesulliii^  sounds  moi^ 
dified  by  the  ear,  loses  ita  compoMod  nature,  and  passes  as 
the  simple  rign  of  a  particular  object 

Aooording  to  this  view  of  tbe  matter^  wene  two  fiwailies, 
iof  the  same  speech,  to  settle  in  different  countries  they 
wouU  soon  assume  different  lai^M^y%  althoij^h  the  ori« 
ginal  connectkai  might  be  traced  in  some  of  tbqse  worda 
wfaidi  express  olgects  occurring  every  .where,  or  actiona 
whidi  all  are  compelled  to  perform. 

These  circumstances^  connected  yith  situation,  account 
for  the  existence  of  different  tongues  prevailing  among  the 
inhidbitantB  of  different  regions ;  but  they  offer  no.pxplana> 
Uon,of  the  fact  which  we  have  admitted,  that  even  among 

VOL.  I.  1 
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tbe  flune  people,  tlie  kagiu^  is  peipstiiaUy  uodeqgpi^g 
diange.  We  jamt,  hownur,  pboe  loin^  raitrictiim  upon 
.  tbe  aduanioiL  Amoi^  ea  imdviHaed  peoj^  new  dged^ 
new  vantt,  new  enpligriaM^  seldom  arifl^9o  tiiat  tJbe  ne* 
oetfliibfof  ■^^i«*g  to  t)ie>  t^^^i^^pf  of  oiteihliabed  *ffT"ftj  or 
enlacgiiig  or  fixing  their,  ntmimg,  addom.  oocors.  Uenoe 
we  nvfr.ezpoct  the^k^guage  of  a  berhemuft  people  to  oon- 
tinue  stationaiyy  or  to  alter  merely  with  the  progeeaB  of  iiDir 
ptcfvenmUu  Xe  it  dvilizatioii,  tbeetfiaray  that  ne  mitflt 
look  to  for  thoee  drcumstaBoeay  by  whidi  iracds  are  £akci- 
eated  and  language  akerecL 

Wheo  maa,  instead  of  resting  satiified  wi&  ^  fruits 
which  the  earth  spontaneonaly  fumiahes,  or  with  the  beasts 
of  chase,  bqpas  to  cultivata  the  fialda,  to  dmmeBticate  anl. 
mals,  and  to  rear  them,  to  build  houses,  and  to  engage  in 
tmde,  he  is  compet}ed  to  invent  a  host  of  names,  to  deogp 
nate  his  new  possesdc»s,  and  the  means  by  which  he  has 
acquired  th^a.  With  the  pn^ress  of  the  arts,  therefore^ 
there  will  be  a  ccMesponding  enhu^gement  of  the  number 
of  aigns,  by  which  the  objects  product,  and  the  inatru- 
tnents  us^  may  be  known.  Wlien.  the  aaquisitkin  of 
wealth  has  ^ven  to  man  an  opportumty^torest  fram  bodily 
Idbour,  and  occupy  hii  thoughts^  in  reflecrion^  when.he 
begins  to  examine  the  laws  ci  nature,  and  theeonstittt. 
tion  of  his  body  and  mind,  he  acquires  new  ideas,  adapts 
Hew  modes  of  action,  creates  to  himaelf  new  scenes,  and 
thus  caUs  for  an  adfition  to  the  signs  abeady  in  use,  to 
enable  him  to  ^qness  the  variety  of  knowledge  ^t^ndi  he 
has  obtained.  In  prc^rtion  as  the  number  of  those  who 
cultivate  the  arts  and  scioioes  increases,  so  will  ihe  words 
of  language  multiply,  until  differa:it  teims  shall  beem^Aoy- 
ed  to  express  even  the  same  object  or  action.  If  we  sup- 
pose each  particular  tribe  thus  proceedii^  on  the  march 
of  improvement,  each  inventing  new  terms,  influooced.by 
all  the  localities  of  their  condition,  we  shall  arrive  at  the 
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conduflioii,  that  tibeir  Imigiii^,  though  originally  derived 
from  the  same  stock,  will  loae  the  resemblance,  as  those 
who  use  it  raeede  fiom  barbarism;  and  after  the  arts  of  life 
have  been  introduced  and  science  cuitivated,  we  shall  find 
flcaroel  J  the  remnants  of  a  common  origin. 

If  these  remarics  are  feunded  in  truth,  we  may  expect  to 
find  the  language  of  a  country  exhiUdng  peculiar  features, 
marking  the  different  stages  of  the  dvilization  of  its  inhalnU 
iants.  In  the  ruder  periods  of  sodety,  the  sounds  which  are 
employed  will  be  scanty,  like  the  ideas  th^  are  intended  to 
represent.  Those  objects  only  will  receive  names  which  are 
immediately  subsc^rv^t  to  the  purposes  of  existence;  the 
words  expressive  of  action  will  indicate  only  sudden  transi- 
tions ;  and,  in  addition  to  thdr  literal  import,  the  various 
terms  will  be  Employed  in  a  figurative  sense,  to  mark  the 
conditions  of  an  event  which  the  language  is  yet  unable  to 
describe.  Again,  in  the  more  advanced  periods  of  society, 
we  may  expect  to  find  the  signs  by  which  natural  objects 
are  designated,  extended  in  consequence  of  enlarged  know- 
ledge  of  their  number  and  qualities.  The  words  expres- 
nve  of  action  will  not  only  be  more  numerous,  but  capable 
of  marking  all  its  conditions  with  a  greater  degree  of  pre- 
ctaon«  The  increase  of  the  signs  indicative  of  the  arts  of 
lifis,  government,  and  social  pleasure,  will  denote  the  march 
of  the  tribe  to  the  attainment  of  knowledge,  wealth,  and 
power.  Deficiency  of  expression,  therefore,  will  mark  the 
iniant  state  of  society,  and  copiousness,  the  advances  of  dvi^ 
liscation.  That  the  progress  of  language  actually  exhibits^ 
such  a  gradation  of  character,  does  not  appear  in  this  place 
to  require  demonstration. 

In  a  civilized  country,  language  is  exposed  to  the  influ* 
enoe  of  many  subordinate  causes  of  change.  It  has  ahready 
been  stated,  that  the  number  of  individuals  enga^g  in  the 
improvement  of  the  same  arts,  in  the  enlargement  of  the 

t2 
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same  sciences,  and  conducting  dieir  plans  and  making 
known  their  successes,  each  in  hb  own  dty  or  Tillage,  will 
necessarily  enlarge  the  number  of  new  terns,  and  even 
create  that  ambiguity  oocanoned  by  dissimilar  sounds  be- 
ing used  in  synonimous  expression.  Fashion  alone,  in 
these  case%  asmgns  the  preference  to  that  of  one  individual 
rather  than  to  another,  guided  by  circumstances  which  fol- 
low ho  bw.  Again,  inventiona  and  discoveries  demand  new 
names  to  express  the  new  combinations,  oljgects,  qualities, 
w  actions  to  which  thqr  refer.  These  new  names  are 
speedily  employed  in  a  figurative  as  well  as  a  literal  sense, 
and,  by  degrees,  assume  the  station  which  others  had  fiir- 
incrly  oocu[Med. 

There  is  added  io  all  these,  toother  powerful  excitement 
to  change.  When  distinction  of  rank  begins  to  prevail, 
there  is  an  attempt  to  mark  the  limits  by  a  distinction  of 
sounds.  The  great  avoid  the  use  of  many  expresaions, 
because  indicative  of  vulgarikf — ^die  common  pec^e,  on 
the  othar  hand,  strive  to  imitate  the  language  of  th&r  su- 
periors, considering  it  as  genied.  There  is  thus  a  constant 
change  induced  in  the  language  of  a  country,  by  the  at- 
tempts at  noveky  on  the  part  of  nobles,  the  eager  imitation 
of  the  b^er  ranks,  and  the  departure  oi  both  from  tbe  or- 
dinaiy  practice 

These  seeds  c{  change^  then,  are  coeval  with  oar  race, 
•  and  must  always  contmue  to  spring  up  and  flourish  where- 
ever  new  o&gects  or  new  actions  present  themsdves  to  man. 
All  the  expeclatiims,  therefore,  of  rendering  a  languid 
stationary,  by  enumerating  the  terms  of  its  vocabulary,  or 
establishing  standards  for  their  pnHiundation,  are  vain, 
and  founded  in  ignorance  of  its  origin  and  its  relation  to 
the  wants  of  man.  In  spite  of  all  the  labours  of  the  lexi- 
cogra{dier,  all  the  rules  of  the  grammarian,  or  theccHnbined 
•influence  of  writers  of  taste,  the  language  which  we  now 
use,  will,  in  the  course  of  a  few  generaUcms,  become  anu- 
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quated^  and  our  pbraseolo^obfidete;  even  our  present  art& 
will  be  considered  rude,  and  our  science  infantile  5. 

The  sounds  which  are  addressed  to  the  ear  for  the  pur. 
pose  of  communicating  thought,  are  not  exclusively  pro- 
duoed  by  the  organs  of  respiration.  Thus,  when  a  rabbit 
peroeives  danger,  and  wishes  to  gire  warning  to  others,  it 
does  not  utter  a  sound;  but,  beating  the  earth  with  its 
feet,  produces  a  noise,  whose  meaning  its  naghbours  find 
no  difficulty  to  comprehend.  In  the  insect  well  known  by 
the  name  of  the  Death-watch  (Anobium),  a  sound  is  pro- 
duced by  striking  its  mandibles  upon  wciod,  and  a  similac 
sound  is  produced  in  return  by  another  individual  when 
within  hearing.  In  many  other  insects,  the  notse  is  produced 
by  the  fiictionof  the  wings  agunst  each  oth^  the  air,  or  the 
abdomen.  In  th^  DeathVhead  Hawk-moth  (Sphinx  atro- 
pos),  Bea9M0r  found  that  the  nnse  which  it  emits  when 
confined^  proceeds  from  the  mouth,  and  is  produced  by  the 
friction  of  the  palpi  against  the  tongue.  In  the  Tettigo- 
nwe,  on  the  other  hand,  there  is  an  organ  seated  in  the  ab- 
domen, and  opening  on  its  under  surface,  containing  cells, 
elastic  plates,  and  muscles,  by  whose  motions,  sounds,  loud 
and  disagreeable,  are  produced  f.  In  all  these  instances, 
the  sounds  are  expressive  of  feelings,  and  are  intelligible 

*  Dr  Basciat,  in  reference  to  Uii^  subject,  stat^  the  tryith  with  pain- 
ftil  plainpett :  ^*  Writen  of  taste,  who  value  thenmplves  on  the  beauty  and 
elegance  of  their  dktlon,  must  often  reflect  with  pahiAil  apprehension^ 
on  the  Stability  and  transient  nature  of  the  perishing  sounds  with  which 
their  literary  feme  is  connected,*^  p^  6t.  Again,  ^  It  seems  to  be  owing  to  the 
oonatant  operations  of  such  causes,  whose  influence  can  neither  be  checked 
nor  prevented,  tha(  no  accident  ever  has  occurred,  no  art  ever  been  discover- 
ed,  to  preserve  the  stability  of  vocal  language,  to  call  on  the  forebodings  of 
literary  geniuses,  and  remove  the  apprehensions,  that  their  laboured  elo* 
qucnce,  in  a  few  centuries,  must  require  an  interpreter,  and  the  beauties  of 
their  dicUon  pass  unnoticed  without  a  commentator.**  lb.  p.  83. 

t  See  Kiaav  and  8pihcb*s  Introduction  to  Entomology,  it  p.  405. 
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to  those  to  whom  they  are  addressed,  althoi:^,  in  the  < 
of  insects,  the  organs  which  receive  the  impresaoa  have 
hitherto  eluded  the  researches  of  the  anatomist 


h.  On  the  muUiai  comniunicaiion  qf  Fedmgy  b^ 
qf  Signs  addressed  to  ike  Ejfe. — In  attending  to  siidi  flgns, 
it  is  convenient  to  divide  them  into  Natural,  and  Artificial, 
cnr  Acquired. 

The  naiuralAgaR9xe  oommonto  many  animals,  and  ex« 
hibit  constant  and  unifonn  characters  in  the  individuak  cf 
each  species.  They  have  obtained  the  name  otgesiuresy  as 
they  require  for  thw  espressic^  the  movement  of  oertaia 
parts  of  the  body. 

The  gestures  by  which  man  exjniesses  his  feelings,  are 
executed  by  the  face  and  hands.  By  the  former,  he  indi- 
cates the  state  of  his  heart,  in  a  manner  perfecdy  intdligi* 
ble  to  a]l  his  race,  expreseing,  by  the  poeatimi  of  his  lips, 
and  motion  of  his  eyes  and  eye-brows,  fear,  anger,  joj,  giief 
or  piun.  Each  sense  has  an  expresaon  peculiar  to  itself, 
intimating,  whether  the  sensations  which  it  experiences  are 
pleasant  or  disagreeable.  The  hands  are  diiefl  j  onployed 
in  expressing  the  conditions  of  distance  or  place.  These 
different  signs,  in  man,  are  carefully  studied  by  actors  of 
pantomime;  and  it  is  astomshing  with  what  distinctness 
they  are  able,  by  a  judicious  use  of  them,  to  express  a  great 
variety  of  feeling  and  passion. 

In  the  lower  animals,  the  gestures  are  not  so  much  confin- 
ed to  the  countenance  as  in  man.  In  the  dog,  however,  we 
can  read  in  the  face,  chiefly  from  the  position  and  motum  of 
the  eyo-brows,  whether  he  is  pleased  or  offended.  The  ex- 
pression of  the  former  feeling  is  accompanied  by  a  motioD 
of  the  tail  from  side  to  side.  The  bull  expresses  his  dis- 
pleasure, by  bending  his  head  to  the  ground,  and  throwing 
up  earth  with  his  forefeet  and  horns.  The  horse  testifies 
surprise  or  anger  by  pointing  his  ears  forwards  or  back. 
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nWtdf.  It VMld,  lioire^)6r) lie  a. koj^deaBtnk,  to emmie* 
ifilfe  ili^  inidkss  tflriety  of  geiliiie  eaiplciyed  by  otber  qMr 
dbHipcds  Old  by  I»rd%  anoe  'eatAk  species,  uses  geetuvte 
whkh  «re  peculiar  to  itaelfy  and  suited  to  the  oqgiiMi  with 
nMdiit  is  fimyshed.  The  practieal  natuxdisty  iodeedy 
itodtos  theie  with  cere,  as  bonsdtutnig  one  of  the  most  de^ 
fi^iCftit  Miployiiieiits  of  his  saence. 

"In  usteg  thete  gestures,  animals^  iu  general^  employ 
sMflds  al  the  tane  tmle.  If  actbinr  isahosnedyandwishea 
to  oommuttieate  its  ftus  to  the  flock,  it  not  only  assumes 
a  pidtksidsr  ffight,  but  utterii  a  ay  whidi  rendsfm  its  fed« 
iQgs  intelli^Ue^  not  only  to  those  of  its  own  kind^  but  even 
toother  faifds  and  to  quadrupeds.  It  may  often  be  obssrr^ 
ed  that  dueka  i&  a  pMid,  upoit  a  particular  motion  of  drring 
being  performed  as  arsi^inal,  and  a  «ry  uttemd  by  one,  be* 
gin  to  dive  and  swim  about  in  the  water  as  if  ut^ed  by  one 
conunon  impulse^  and  execute  the  most  oomplicated  and  nu 
pidevY^tttionBinalltheqiparsnt jpddinessflf joy.  Butthe 
flttdtions.  of  the  flocks  of  Pum  (Tringa  a[^rfna),  indksate  » 
stUl  more  perfect  syvtem  of  signals.  Wheaflyiag,  they  keep 
tbeir  backs  f<*  a  time  aU  in  one  direction  ;  jeumI  as  suddenly^ 
by  a  change  of  jtosiiion^  ^xhiUt  their  bdlies  to  the  spec^ 
The  dumge  of  positbn  is  very  .obvious^  as  their  dnsky 
badcsy  when  directed  to  the  ohnver,  exhibit  the  flodc  as  a 
dark  vteu),  which  is  changed  to  while,  by  the  exhifakion  of 
die  Sght^xdoured  feathers  of. the  imder^  linnets,  and 

ieveral  oongRgatii^.biids,  act  in  a  aimilwr  nunmec  . 

I  have  sud,  that  man  comprdiends  the  natmal  ezprasb 
■oDHi  of  the  lower  animalis  and  even  hinted  that  they  in 
part  understand  the  gestmnes  of  one  another*.  The  dog 
and  cat,  however^are^  peihaps,  the  only  animals  which  ^om 
discofn  in  the  fiwe  of  their  milster,  theetpresflhusi  of  ap^ 
probatidli  or  distrieaavre;  and,  by  their  bdUmoor,  testiiy 
that  they  fed  their  influence. 
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There  is  cine  sigibl  didraflied  to  theqr^  iqppflKiitlyea»^ 
^^hffedhymanjtoesxfttenwgtn^  tmt  with nimge 

diaracters  we  are  impeifeetly  aoquainteil  I  here  aUude  to 
kmimmmieM  or  photpkoretoence.  It  has  been  obaerved  of 
the  eommon  gfew-worm,  that  the  femalesy  which  poaseaa 
this  Iimiiiious  power  in  a  mudi  greater  degree  than  tbe 
malesy  are  destitute  of  wings;  and,  thetdfore,  incapaUe  of 
ijing  about  in  search  of  a  mate;  tiut  that  during  the  sea- 
son of  love,  when  the  light  is  emitted  in  gvealest  briUianqr* 
she  is  able  to  guide  her  yif;fant  low  to  her  preaenoe.  By 
Bome  it  has  been  supposed,  that  this  luminous  property  is 
destined  to  cBrect  the  animab  possessed  of  it,  wtdi  greater 
oertainty  to  their  prey.  But  it  is  obvious  that  it  would 
warn  the  otgects  of  their  pursuit,  if  animatpd^  of  their  i^ 
preadi,  and&cilitate.tha.effiuctsaf  their  foes  to  discover 
llieir  Fpireat. 

Wecdmeiiow  to  consider  the  uti^fScBaJ  or  acqmredsigni 
addressed  to  the  eye  This  method  of  holding  interooune 
between  the  indiviiuals  of  a  species,  appears  to  be  peculiar 
to  the  human  race,  and  to  be  the  instnnnent  by  whidi  man 
can  g»n  possession  of  the  information  of  past  gwiewtfiona» 
and  be  able  to  record  the  transactions  of  the  present  time^ 
for  the  benefit  of  future  ages. 

If  we  consider  a  person  in  a  barfaatons  state  of  soeiely^ 
anxious  to  oominumcate  intelligenoe  to  his  frlbe,  respecting 
isn  ammal  wiiidi  he  had  observed  in  the  woods,  unlike  to 
any  in  siae  andshape  which  he  had  erer  seen,  we  are  not 
aware  of  any  other  means  which  he  oouldemploy  to  aocom- 
pUidi  his  object,'  but  to  draw  its  figure  upon  the  sand,  or 
aoatch  its  outline  upon  the  lock.  TUs  figure  being  diffir 
cult  or  tedious  to  execute,  would  be  abridged  in  the  course 
of  frequent  repetition,  imtil  it  became  a  symbol  merdy,  m^ 
stead  of  ft  picture,  to  represtet  the  animal  m  quesdm.  If 
^  particular  name  was  bestowed  upon  the  animal,  then  thb 


Digitized  by  CjOOQ IC 


FACULTIES  OF  THfS  MIND.  997 


wftoM  mM  Mm  rcprcwat  tbe.winal  itsetf,  fx  Um»  par- 
tkalar  aouiid  by  wfaioh  it  ms  cfanHgnaled.  With- the  same 
finilitf  with  which  soiumIs  ocNiId  be  united^  sjrmbob 
ciNiU  likewise  be  combined;  so  that  in  the  mme  pic- 
laie  mi^^  be  refmaenteda  yaiiety  of  objects  or  aoiiona. 
Such^appearB  to  be  the  origin  and  atructure  of  much  of 
the  wiitteaha^^^nageof  China  and  Japan  at  the  praaentdny. 
When. the  ear  hegm  to  diteriniinate  the  dKfferent  kindt 
of  sounds  uaed  m  apeeeh,  it  would  not  be  a  di£B^t  opera- 
taon  to  devise  symbok  to  exptess  the  elementary  parts,  ap 
that  words  could  be  fixmed  by  qrmbok  with  as  mudi  fa* 
cihty  as  by  sounds.  Theobviousulility  of  these  ^mhols^ 
in  communicating  mtdligenoe  to  the  dbeoit,  would  leeom* 
vslid  thor  genend  adoption.  But  it  is  obvkms,  that,  in 
the  iBventkm  of  letters,  each  tiibe  would  devise  sypibbbp^* 
coliar  to  ita^;  so  that  a  great  disnmibiity  of  farm. wmdd 
prevail  among  the  dii&rcnt  alphabets*  Even  some  of  the 
cuncumstaBoes  whidi  operated  in  the  introduction  of  chai^ 
into  speiBoh,  wouU  likewise  operate  in  varying  the  form  and 
impart  of  letters.  But,  wUle  the  pvindide  of  change  in  the 
formar  still  continues  to  exercise  its  influenee,  in  the  latter 
it  has  been  effectually  overoome,  by  the  mechanical  arts  of 
engravingand  printing.  But,  even  with  all  the  advantages 
of  artificial  sounds  and  signs,  we  ieel  dayoaBcl,  when  deep*, 
ly  interested  in  communicating  the  knowledge  of  an  event 
toothers,  to  use  the  languid  and  the  gestures  of  nature; 
and,  by  the  movement  of  our  body,  to  draw  as  it  were,  a 
picture  of  that  which  desGripticn  is  inadequate  to  represent 
—.To  prosecute  tlus  sulgeot  farther,  would  obviously  be  fo.. 
idgn  to  the  purpose  cf!  the  present,  work. 

c  OniheniuiwU:C(mnMmkation^Fedkig^bjfme(Msqf 
Signt  addr€3$gd  U>  He  7>)t^— The  waoate  perfect  anunais 
enqploy  the  sense  of  touch  in  a  very  limited  degree,  in  the 
iouimunieation  of  their  fi^elings.     But  among  insects  it 
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Bffuntobev^'gmmtdfytmd.  The  iottMM  pbAni 
tfaenflke;  and  in  theinimierin'iflifeh  diey  ares^ 
the  antainae  of  ttuAher  iiMcct,  mA  the  noCiotB  nhiA  «b 
eseeutod  hy  theni)  thcM  (nrgotis  -flrecBpable  rf  coHtinniMiMi* 
taig  the  state  of  feding-^klr  great*  preoM  Wbtoaqiftai 
bee,  for  mitanoe^  ift i^aucwad-fMu  a  ni^y  liKiae  biM'wUcli 
fint  penDBi^ 'the  kMB,  ^hen  diejr  meet'  with  oiheilSy  vnfr* 
Hudly  oMMft  Adraiitamift  dDd  Btiike  diem  M^fly.  The 
anxiety  aad  dist&flied  titiUe  of^thoee  ihat  han^  rcMlvftd  liie 
blow,  ndicttteiilaiiily  the  iiMM  of  ihe  isotdl^ieiioe^^^^ 
has  been  oottittiimioated.  It  is  {irobable,  that^  mcKtmooi&a 
animak,  fttnushed  with  'tdfitiietila,  employ,  fin  Bke  oHolMr, 
Aese  organs  tn  the  couittuiiicatioii  of  thdy  feefiiigs. 

We  might  here  take  notice  of  die  mutual  oofeia&ttiticbflM 
offaahi^,  by  means  of  smeU;  were  ihe  faets  yiibkh  are 
hmmn,  in  eomieotioiiiridi  tfaa  sidbject,  snflksieiit  to  iBhitraae 
diis  departmeot  of  the  aanal  Economy.  It  is,  however, 
W6H  known,  that,  at  the  paiticular  eeason  when  fht  pMdte* 
alive  appetite  is  in  eteicise,  smdlB  are  emitted  ii^lii(h'en« 
able  the  sexes  to  Awocf^r  each  odier.  The  taoAaAstkist 
these  effluvia  oease  with  the  season  of  kive. 

However  various  these  cliibrent  means  employed  by  ani# 
ttds  to  commumcate  thor  feelings  appear  to  be,  it  is  ge^ 
nepfaily  believed,  thai  man  alone  possesim  the  po^mr  of  ex- 
pressmg  distinctly  poii  events  to  others.  The  lovi^  ani** 
inals  are  almoat  ex^^sively  oo(«upied  with  their  present 
fanprnssions ;  md  their  language  appears  suited  only  to 
express  dieae.  I  have  said  altnost,  because  there  is  ^« 
denoe  of  the  power  possessed  by  various  animals,  of  com^ 
municating  intdligence  to  oth^  of  a  supply  of  food  wbidt 
has  been  discovered,  and  of  guiding  them  to  the  spoL  But 
still  this  is  in  a  great  measure  die  business  of  the  presoit 
lame.  Man,  on  die  odier  hand,  by  means  of  his  aequited 
Umguage,  can  express  the  feelings  whidi,  on  My  former 
period,  he  has  experiencecl ;  and,  by  means  of  artificial 
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agns,  heean  coaxey  the  expr^snon  of  diMo  fi9d»gs/eveii 
to  those,  wlio  are  at  a  dLstanoe.  Although  in  poBsettionof 
tiiese  peculiar  powers  he  can  still  use  the  languid  andlhd 
gestures  of  nature. 

5.  On  iSM#mtn#.-— When  treating  of  the  characters  by 
wMdi  tfie  intdleetual  fHrkici^  are  <&tuiguished,  •  ive  took 
nolke  oFihe  faeiiltj  of  AHefUian,  by  whose  assistance  m% 
can  withdraw  our  Ttfious  powecs  of  perception  and  reflec- 
tidh  fiom  the  contemplation  of  one  object  or  idea,  and  fix 
them  on  the  examination  c^  others.  When,  from  the  no- 
tions which  we  have  acquired  from  experioice  at  refleetioD, 
we  are  disposed  to  action,  there  is  another  term  emfioj^ 
ed  to  deagnate  that  prindple,  by  which  the  kind  of  aci 
tion,  and  the  maimor  of  performing  it,  are  determined: 
Tins  principle,  whidi  is  Identical  with  attention,  is  termed 
the  WUt;  and  the  fiberty  which  it  exercises  in  the  choice^ 
is  denominated  Free  Agency, 

There  are  some  who  deny  the  eidstence  of  a  liberty  cfse* 
lection,  and  affirm  that  all  the  actions  which  we  perforei 
^  are  the  necessary  result  of  the  conatituticms  of  our  minds, 
operated  on  by  the  drcumstances  of  our  external  ffltqation.* 
If  the  existence  and  influence  of  the  faculty  ci  attention, 
such  as  we  have  described  them,  be  admitted,  and  we  can 
appeal  to  the  experience  of  all,  for  proof  of  the  trudiof  our 
statements  on  the  subject,  the  doctrine  c^free  agency  must 
likewise  be  embraced :  Fm*,  granting  even  to  the  Necessita* 
rian,  the  necesaty  of  the  action^  upon  the  coB^bbiation  of 
the  particular  drcumstances  which  constitute  the  mqify)e^ 
we  have  still  tiie  chdoe  of  creating  these  caroumstanees. 
We  have  the  power  of  directing  the  eye  or  the  ear  to  rei 
ceiye  pupticular  impressions ;  we  have  tiie  power  cS  giving 
to  any  particular  perception  its  witahle  iepee  of  force 
to  act  as  a  motive,  by  the  progress  of  reflection ;  and 
all  this  by  the  aid  of  a  faculty,  the  existence  of  whidi 


Digitized  by  CjOOQ IC 


400  pHiLosoray  OF  zoology. 

mt  presume  none  will  deny.    Accanliiig  to  ihis  yiciw  of 
the  subject,  we  can  aoooant  for  the  great  divmiky  of  ac 
tioo  among  uidividualfl»  placed  in  simiiar  extenial  dr. 
cumstances.    The  external  impressions  may  be  the^same ; 
but  these,  being  suligected  to  different  treatment  during 
the  process  of  reflection,  by  minds  whose  notions  of  tnith 
or  duty,  (acquired  under  the  influence  of  attention,)  are 
noc  in  unison,  the  resulting  moti?es  and  consequent  actm« 
wiU  be  diasimihr>    We  uige,  likewise^  iq  support  of  this 
new  of  t)ie  siilgect,  the  pleasttre  which  the  mind  feda  iqpon 
actiog  agreeably  to  its  rukf  of  titufh  or  duty,  and  the  pain 
^hich  aocompaniea  their  violation  ;—t|ie  former  bong  the 
ppopf  that  the  action  wa^  ngreeaUe  to  the  constitution  of 
our  minds;  the  ia|ter,  (ha^  it  wi|s  repugnant    Yeiauefa 
Jvanigreasions  wit|b  x^egiunfl  tp  our  intellectual  rules,  §re  but 
too  fifequent ;  whi)^  sixjoilar  vidalkms  of  the  rules  of  ofn* 
cpostitutiop,  in  the  case  of  sleeping,  eating,  or  any  of  our 
instinctive  powers,  are  seldom  observed.    Is  there  a  diflier.  , 
ence  in  the  degree  of  re^iaint  whidi  we*can  exerdsp  over 
the  mstin^stive,  vheo  joompared  with  the  mtelkptual  powers  ? 
It  appears  piobfdile,  th#t»  in  reasoning  upon  thisaulg^ 
moral  philosophers  haye  seldom  drawn  a  line  of  distinction 
)ie(ireen  th^  exeram  of  the  will,  when  directed  to  t^  intd« 
lectualy  and  when  directed  to  tl|e  instinctive  pow^pi.    7be 
supportersof  the  doctrine  of  Eree  Agency  usually  dft)7tl  al) 
their  arguments  from  the  diaracters  of  th^  fopner ;  while 
th^  Necessitarians  rest  thdr  proofs  on  the  pqw^^l  influence 
of  the  latter.    It  is  to  a  want  of  attention  to  t))e  bearings  oC 
the  question,  joined  to  the  sqrfiistry  of  words,  that  we  can 
trape  muob  of  that  difference  of  opinion  which  prevails  on 
this  subject 

From  the  preceding  observations,  the  reader  may  per- 
ceive, that  while  we  contend  for  the  existence  of  free  agency 
in  all  the  processes  idiout  which  our  intellectual  faculties 
arc  empl.ycdy  we  are  disposed  to  admit  that  its  influpnce 
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bver  our  instiiicttye  propenrities  is  JfeeUe  and  circiunscribed. 
ill  the  intellectual  prooeaB,  there  is  intorpoBed  between  the 
impresaoB  (whether  external  or  internal)  and  the  aotion» 
a  certain  degree  of  deliberation  or  reflection,  after  which 
our  free  agi^icy  exerdaes  its  controul.  In  the  case  xif  our 
instinctiTe  powers,  action  follows  the  inqmssion  almost 
instantaneously ;  so  that  there  is  no  time  to  delifaenite,-Hio 
c^iportunity  to  choose.  This  is  the  natural  condition  ci 
our  instinctive  powers.  But,  by  the  ibroe  of  habit,  the  in- 
fluence of  examjde,  and  the  r^ulations  of  dyUiced  lifi^  we 
acquire  the  power  of  interpodng  between  the  impression 
and  the  action,  a  greater  or  kss  degree  of  deliberation,  in 
consequence  oi  which  we  have  an  opportunity  of  exerdsing 
restraint,  and  of  regulating  or  jMteventing  the  action,  which 
the  impression,  without  sudi  controul,  would  have  produced. 
Frequently,  however,  the  original  tendency  of  the  impres- 
sion  triumphs,  or  gives  such  a  bias  to  our  dedsian,  that  it 
appears  rather  a  necessary  result  of  the  oiiginal  impresakm^ 
than  a  dioice  founded  on  ddiberation.  StiU,  however,  there 
ia  something  confined  and  unnatural  in  such  interference 
of  the  reasoning  powers  with  our  instincts;  so  that  we  are 
ever  in  danger  of  breaking  through  the  rules  which  they 
impose,  whether  b  regard  to  our  ajqpetites,  desires,  or  a£. 
fectiotts.  An  appeal  to  experience,  for  the  justness  of  tins 
remark,  will  not  here  be  made  in  vain  1  Its  truth  is  like- 
wise established  by  the  conduct  of  those  who,  wUle  th^ 
prescribe  excellent  rules  for  the  regulation  of  life,  paint,  m 
the  most  vivid  odours,  the  dignity  of  virtue,  and  the  mean- 
ness  oi  vioe^  continue  enslaved  by  their  passions^  sensual^ 
avaridous,  and  implacable.  The  former  part  of  their  ocm- 
duct  is  an  intellectual  process,  in  the  performance  of  which, 
they  meet  with  no  resbtance  ;-~in  action,  they  have  to  con- 
tend ^^  with  the  law  in  thdr  members  waring  against  the 
law  of  their  mtnd.^ 
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The  Mi|Mkifkiii  €4  this  rattiwrt  cm^  the  ineliiiettTe 
poveg%'^4hit  notoiy  over  mity  b  the  nM*  dHkiilt,  but 
the  most  vBltiaUe  of  aH  our  ixinqiieft&  It  is  the  ulomgbe 
objaet  ef  a  ralMiiel  and  «a  unmBrta  heii^.  ^ 

An  doqnent  writer,  whom  authority  ui  the  acknee  of 
wimi  18  dtmneHj  icapected,  but  who  qspears  bat  impat* 
ieetiy  aoi|uaiii(ed  widi  the  jHjntifia  of  action  in  the  lower 
aniwalBj  haa  ^ven  ia  aa  his  opinion,  that  the  reason  of  maD, 
in  refbnenoe  to  his  aistive  powers,  renders  -his  nature  and 
eonditiot  esimtiaUy  difihent  finom  that  of  bratea;  and  adds, 
^<  T^  *^  inoqiaUe  of  looking  fbrwaid  to  cxmsequenoes, 
or  of  comparing  together  the  difRaent  gratificatiens  of 
wfaioh  they  are  susoeptiUe;  and^  accordingly,  as  £0*  as  we 
are  able  to  peroeive,  they  yield  to  every  prebent  impalse. 
But  man  is  able  to  trice  a  oorapedbenkive  survey  of  his  va- 
rious prindples  of  aetion,  and  to  fiitin  a  plan  of  conduct  for 
die  attainment  of  his  favourite  objects.  Eveiy  sudi  plan 
implies  a  power  of  reftising  oocaaonally,  to  pardeukor  ac- 
tive principles,' the  gratification  wUdi  they  deniand*.^  The 
merits  of  this  distinction  between  man  and  the  lower  animals 
wiU  best  appear,  by  conrparing  both  a8|ilaDed  in  neariy  s- 
milar  dreumstances.  The  cuhivataon  of  the  power  c^  re^ 
straining  the  instinctive  or  active  princifdes,  does  not  1^ 
pear  to  be  neeessaay  in  order  to  farm  the  character  of  a  sa- 
vage. He  has  appetites,  demres,fnd  affections  whose  gralifi. 
catian  is  necessary  to  his  wdfare,  and  few  of^rtunities  oc- 
cur where  indulgence  to  excess  is  either  practicaUe  or  desir. 
able.  It  b  only  in  the  progressed  civilization,  iriben  property 
hasbeen  acquired,  and  perscmal  rights  recognized,  that  man 
feels  the  necessity  of  imposing  upon  faimfielf  law9  or  re- 
stnunts  upon  his  active  principles.  It  is  difficult  to  find  an 
opportunity  of  examining  man  in  a  very  low  state  c^  intel- 
lectual improvement     The  intercourse  of  Europeans  has 

*  <(  Outlines  of  Moral  Philosophy,"  by  Duoald  Stcwaet,  p.  109.  Edin. 
1808. 
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borhiUMwn,  In  oBder-to.ofaaeme  the.pow«r  of  ntixmak 
wliicb:thflyiffe.ciqpaMeiif.€CBMi^^  pnipfiui^ 

tiea^we  miiBt  ratire  to^A  feQUyy;f<glahliflhoAt  on  die  eau^ 
£m&  of  a  himtiDg  tiib&    Thauec  we  ahaU  find  the  oppsh 

drBtt^o^FOFcanie  every  dkfeetp  of.  pnadoiioe  oc  expeneiioei 
A.few  glaawii  of.biBndy  will  oft^/ptw»hwe  Uae.whole.innf> 
duee  of  a  soioni^^s  labour.: 

£vn.iil  A  cmlized  state*  ihia/abiU^  jlo.  ocwtrul  the  aor 
ti^e  poweiai»  if  it  JoeaVy «wta  jbotbeexteoib here mppcmd^ 
is  never  exerted  by  ell  the.  iedividimU  of  Qociety,  nor  by 
any  one  individoaL over. flUJiia.fiecq^aii^  .  Natber  raqk 
nor  leanueg^^youth  mr^ag^  €aii{>le«d  eimiptkei  from,  the 
duHgei  The  Beaaoaof  lhia».aoonrdipg  to  our  view  of  the 
matter^  is  obvious.  The  poww^of  oontiolliii^  tliQ.inteUeCf 
tual  powers  is  nakm^;  of  r^gnlatiiig  our  a^dvo  powem 
acquired^  In  the.acquisilioii^  so  many  diffieulties.  present 
theflMsbeSf.  so  mai^  piivaiaiiaflt.Ausfe  be^eadofed,  so  H»udi 
enecgr  of  nund.nnist  ba  excrtedy  that  we  jmd  not  be  sorr 
prised  that  the  object  is  not  geomdlyjSini^after,  and  oor 
ly  gained  by  few.  Tndfl<?d>  mece  woddly  oonsideralipns 
hold  out  no.suitaUeniotiveeliEir  eooQUieppg  us  to  gain  the 
vidory  over  off  our  inakmcts.  It  ia  enott|^  if  we  lestraia 
them  firom  bebg  exIernaUy  inoQimttiflBt  to  othera  Chria- 
tianity  alone  funushes  us.  with  sufficient  motives,  and  urges 
us.to  subdue  averjf  hisL. 

We  have  thus  endcasrounad  to  mark  the  diifierenec  cf 
free  agency,  as  exerted  upon  our  inteUectoal  and  active 
poiiwrs ;  and  we  are  now  piepued  to  examine  how  £uv  in 
refiBienoe  to  the  brutes^  their  nature  and  condition  are  es- 
sentially different  ftom  our  own.  Do  they  always  yield  to 
every  impulse?  And  are  they  inci^pable  of  acquiring  the 
power  of  occasionally  lestraimng  their  propensities? 

In  a  wild  state,  the  infericnr  animals^  like  man  in  his  sa- 
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irage  state>  atand  in  no  need  of  restraouiigy  to  any  great  ex* 
tent,  their  lAfltincliTe  powers,  indulgence  bAag  necnmaiy  for 
their  own  ooBifbr^  and  the  aafiety  of  the  laoe.  Inthecaae^ 
however,  of  social  ananals,  (incloding  mm),  where  cverjr 
indiTidual  contributes  to  the  welfare  of  the  gnnip^  it  is  ob- 
nouB,  that,  in  many  cases,  some  degiee  of  aelCdeoial  mnat 
be  practised,  and  m  sdMenial,  which,  so  far  as  we  are  aUe 
to  judge,  is  not  instnMStive,  but  acquired  or  Toluntaiy.  la 
illustration  of  this  opinion,  we  may  quote  the  case  of  co». 
gn^ating  rtftimal^  who,  wbSie  feeding,  have  a  seudael  to 
give  thdn  warning  of  dai^ger,  «s  apes  and  geese.  The 
.sentinel,  in  dns  case,  may  look  forward  to  be  reteased  fima 
duty ;  but,  in  the  mean  liaoe,  he  must  fed  the  cravings  of 
an  empty  stomach,  and  witness  his  acquaintances  «ii)<gring 
their '  repa^  In  atl  this  he  yields  not  to  present  impulse^ 
but  restrains  his  ^)peiato  for  food,  in  order  to  comply  with 
the  amngements  of  the  soaued  aflbdioa.  In  the  case  of 
•animals  which  have  escaped  fiom  a  snare,  and  which  rduae 
to  be  again  enticed,  there  is  a  still  mora  dedded-exampleof 
•self-denial.  T^e  bait  stitt  allures;  but  the  temptadtm  ii 
-overcome  throu^  the  sense  of  danger. 

As  it  is  in  man,  when  civilized,  that  we  meet  with  the  auist 
unequivocal  proofs  of  ccmtrdul  exercised  over  the  inalinctiTe 
^xywers^  so^  among  domesdcated  ammals,  we  may  expeet^t^ 
-find  its  existence  most  distincdyexiuUted.  We  hove  seen  a 
dog  enter  a  larder,  even  ^en  hungry,  and  emeU  at  the  oaid 
meat  and  bread,  without  presuming  to  touch  than.  That 
'he  had  an  indinatkm  tx>  eat,  could  not  be  doubted;  but  he 
had  acquired  the  power  of  controlling  k.  The  same  tfiimsl 
•exhibits,  in  many  cases,  great  sagacity  in  the  exefcise  of  his 
controul  over  his  feelings.  Thus,  if  yoo  conduct  an  expe- 
rienced spaniel  to  a  place  from  whence  he  has  seen  a  covey 
of  patridges  spring,  he  wiU  pass  cm,  indiiferent  to  the  scent 
which  they  have  left  behind  them;  but,  if  he  did  not  ob- 
•serve  their  flight,  his  actions  are  widely  different ;— "  He 
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triads  with  caution>  and  he  points  with  fear:^  But  it  is 
needless  to  multiply  examples:  for  all  our  domesticated 
animals  exhibit  the  power  of  restnuning  their  instincts ;  and 
the  extent  of  this  power  is  in  the  ratio  of  their  obedience. 
We  shall  not  here  inquire  into  the  motives  which  regulate 
the  obedience,  knowing  that  the  moralist  is  aware  that 
compliance  with  the  laws  of  society,  in  regard  to  man,  is 
often  disagreeable,  and  even  forced. 

"  There  is  another"  (says  the  same  ^philosopher*) 
<'  and  very  important  respect,  in  which  the  nature  of  man 
differs  from  thai  of  the  brutes.  He  is  able  to  avail  him- 
adf  of  his  past  experience,  in  avoiding  those  enjoym^ts 
wiiich  he  knows  will.be  succeeded  by  suffering;  and  in 
submitting  to  lesser  evils,  which  he  knows  are  to  be  instru- 
mental in  procuring  him  a  greater  accession  of  good.  He 
18  able,  in  a  word,  to  form  the  general  notion  of  happiness, 
and  to  deliberate  about  the  most  effectual  means  of  attain- 
ing  it"  We  are  compelled,  however  reluctantly,  again  to 
diflEer  from  this  celebrated  moralist,  and  to  advance  the 
opinion  that  the  brutes  do  control  their  instinctive  powers 
under  the  guidance  of  experience ;  avoid  enjoyments  which 
are  succeeded  by  sufferings ; .  and*  submit  to  lesser  evils,  to 
aycnd  greater  ones.  We  by  no  means  venture  to  state,  that 
the  lower  animals  are  always  so  prudent,  and  we  presume 
that  none  will  contend  fox  the  universality  of  such  discretion 
in  the  human  spedes.  But  that  they  are  guided  in  their 
attempts  to  avmd  evils  and  secure  happiness,  by  the  expe- 
rience of  the  past,  cannot  admit  of  a  doubt  A  horse 
will  subnut  to  the  lesser  evil  of  mending  his  pace,  ra. 
ther  than  to  the  greater   evil  of  bring  q>urfed.     Dogs 


•  OtttUiiefl,p.  112^ 
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will  often  submit  to  the  evil  of  oontinuiog  for  a  time  in  a 
oonstrained  pontion,  with  a  jneoe  of  bread  upon  their  nose, 
until  the  agnal  for  taking  it  be  (^ven,  and  exhibit  unequi- 
vocal symptoms  of  satisfaction  at  obtaining  happiness  at  so 
eaay  a  rate.  A  goldfinch  in  confinement,  will  submit  to 
the  evil  a[  drawing  up  a  small  bucket  by  its  chain,  for  the 
sake  of  the  enjoyment  of  a  draught  of  the  water  whidi  it 
contains.  Those  who  are  ccmversant  with  the  history  of  am- 
mals,  must  be  acquainted  with  many  other  proofs  of  a  timi- 
lar  kind. 

In  the  course  of  the  preceding  ronarkson  the  phenomena 
of  Mind,  we  have  frequendy  had  oocaaonto  take  noticeof  the 
force  of  Habit,  ot  the  efiects  of  customi,  upon  our  functions. 
When  external  drcumstanoes  continue,  for  any  length  of 
time,  to  operate  upon  our  feebngs,  in  a  particular  manner, 
our  attention  Is  directed  towards  them,  in  order  to  acoora. 
modate  ourselves  to  their  influence.  In  many  cases,  where 
they  are  disagreeable  at  first,  they  afterwards  become  in- 
oflensive  and  ultimately  objects  of  desire.  This  is  equally 
descriptive  of  our  intdlectual  and  active  powers.  The  fa* 
citity  with  whidi  we  yield  to  drcumstanoes,  differs  greatly 
in  different  individuals,  and  appears  to  depend  upon  con- 
stitutjpnal  organizadcm.  Even  in  the  same  individual,  ha- 
bita  are  more  eanly  acquired  in  youth  than  in  old  age. 
Man  acquires  habits,  or  conforms  himself  to  a  variety  of 
circumstances,  with  greater  facility  than  any  of  the  infinior 
animals.  He  lives  in  all  climates;  subsists  on  all  sorts  of 
food ;  and  performs  all  kinds  of  labour.  Many  of  the 
lower  animfds  acquire  habits  with  considerable  fadlity; 
and  these  we  have  inlisted  into  our  service.  They  almost 
exclusively  belong  to  those  which  are  united  in  groups,  by 
the  social  affection,  as  the  ox,  horse,  and  dog.  Solitary 
animak,  as  the  cat,  are  rechdmed  with  greater  difRcult}% 
and  the  education  of  which  they  are  susceptible  is  much 
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caicumscribeiL  The  aodal  ^njiyy^^lfi^  on  the  other  haod^ 
easily  submit  to  restraint;  and,  under  our  guidanoe,  ae^ 
quire  habits  essentiallj  necessary  to  our  oom&xt 

4.  On  &e  d^erence  between  Seaem  and  IneHncty  and 
on  Man's  superiorify  over  the  BruUe.'^A&et  the  detaib 
into  which  we  have  entered  respecting  the  oigans  of  per<* 
oeption,  and  their  functions,  and  the  intellectual  and  in-, 
stinctive  powers,  we  consider  ourselves  prepared  to  give  a, 
satisfactory  solution  to  those  questions,  which  have  been  so 
often  agitated,  respecting  the  claims  of  our  race  to  be  con-> 
sidered  as  the  lords  of  the  earth.  We  profess  neither  to 
be  influenced  by  any  deare  to  conceal  the  defects,  or  to 
magnify  the  qualities  of  our  spedes,  nor  to  elevate  the 
bmites  to  a  higher  station  than  they  were  destined  to  occUf« 
py.  We  admit  neither  pride  nor  malevolence  to  be  judges 
in  the  case. 

The  mysterious  and  uflsetded  opinions  which  prevail 
upon  this  subject,  probably  proceed  firom  the  ambiguity  of 
the  phrases  employed,  arismg  from  our  confounding  thtf 
characters  of  the  Intellectual  and  Active  powers,  and  nuu< 
king  Instinct  rq>re8ent  the  operations  sometimes  of  the  ona« 
and  sometimes. of  the  other.  In  speaking  of  the  faculties  of 
man,  the  term  Reason  is  generally  oon6ned  to  express  the 
effinrts  of  his  intellectual  powers ;  and,  with  regard  to  what 
are  tenned  Instincts,  many  authors  may  be  pointed  out^ 
who  oonfflder  him  as  nearly  destitute  of  these,  the  qualities 
of  his  reason  supplying  the  defect.  In  speaking  of  the  fa^ 
culties  of  brutes,  the  term  Instinct  is  sometimes  restricted 
to  the  efforts  of  their  active  powers )  sometimes  it  also  in- 
cludes those  of  the  intellect.  If  an  observer,  therefore^ 
oc»npares  the  instincts  of  brutes,  or  the  efforts  of  their  ac^ 
HvepowerSf  with  the  reasiai  of  man,  as  consisting  in  the 
operations  of  bis  mielkdual  pcwers,  a  difference  of  menUi 
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oonatitutkm  will  be  obaenred,  not  in  d^ree  merely,  but  in 
kind.i  Agun,  if  we  oompofe  the  insdncts  of  brutes,  consi- 
dered asooniBtingt^tiheeftHtB  bodi  of  their  ac&veandif^ 
teOiciual powers  J  with  the  reason  of  man,  in  his  savage  state, 
in  which  the  operations  of  his  active  powers  are  chiefly  con^ 
i^uoas;  we  shall  be  led  to  conclude,  that  there  is  no  diffe- 
rence in  kind  i)etween  reason  and  instinct,  and  if  we  form 
our  conception  of  this  instinct,^  from  its  collective  prominent 
qualities,  derived  from  allthe  different  spedes  of  animals, 
we  shall  be  tempted  to  conclude,  that  the  power  which 
regulates  the  m&niers  of  the  inferior  animals,  is  even  su- 
perior to  the  boasted  reason  of  man  *. 

It  would  serve  no  good  end  to  produce  particular  exam- 
ples from  the  writings  of  the  most  eminent  cultivators  of 
taani  and  natural  sdenoe,  to  prove  that  the  terms  Reason 
and  Instinct  have  had  assogned  to  them  such  varied  and 
indefinite  significations ;  for  there  is  no  author  whose  6b- 
Servatbns  on  this  subject  we  have  had  an  oppoitunity  of 
examining,  who  has  been  sufficiently  careful  to  avmd  the 
feomusion. 

'  If  we  riastrict  the  term  Reason^  then,  xa  express  Ae 
operations  of  our  intellectual  powers,  and  inquire,  is  there 
any  thing  analogous  in  the  constitution  of  brutes ;  and  re- 
strict the  X£rm  InHmct  to  express  the  operation^  of  cHir 
active  powers,  and  nAike  a  sitanilar  comparison,  we  shdl  be 
alste  to  pcnnt  out,  not  only  wherein  the  difierenoe  betwett 
reason  and  instinct  consists,  but  between  man  and  the  lo#er 
Animals,  in  reference  to  Diental  attainments.  The  solution, 
indeed,  of  the  whole  difficulty,  appears  to  us  to  be  obtain- 
ed by  this  simple  limitation  of  the  terms. 

*  Thope  is  evidently  a  mnchgnater  diAMnoe  kelireeii  e  dtfaen  and  a 
etwgt,  tban  lutptfn  a  favage  and  many  olthe  lower  aniaMla,  BotrtdU 
we  are  to  bear  u  mind,  the  unlimited  capacity  of  tX^tinm  fbc  imp^epKat* 
and  the  limited  capacity  of  the  other. 
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In  our  review  of  the  intelleotual  powers,  we  ha^  de^ 
moofllrsted,  that  man  and  the  brutes  possess,  in  oommon, 
attention,  memory,  and  imagination;  and  that,  in  their 
ideas  of  reflectioii,  thej  havea knowledge  of  per8ona]ity> 
time,  power,  tni1;h,  and  duty.  But,  in  all  these,  man  has 
a  dedded  superiority.  This  ^irises  ohiefly  from  the  strength 
of  his  power  of  Attention,  by  which  he  can  direct  his 
mind  ia*any'  subject,  undl  he  is  satisfied  with  r^pvd  to  its 
quaKties or. connections;  in  other  words,  he  can .firactifle 
abstraction  more  successfully.  Hence  all  >lus>  ideas  of  re^ 
iec6on  .are  more  perfect  and  extensive,  and  have  given 
rise  to  Ihd  belief  in  God,^  and  the  corresponding  feelings  of 
a  piety,  of  a  future  state,  and  the  preparation  necessary  fo« 
a  blewed  tmmortality.  If  the  facts  which  I  have  adduced 
in  support  of  the  statements  be  admitted,  it  follows,  that  the 
kitellectiial  powo^  of  man  differ,  not  in  kind,  hut  meidy 
in  degieey^Aom-  tbose^f  brutes. 

In  cur  anamination  ^  the  active  powers'Ctr  instini^ts,  wie 
have  likewise  demonstraled,  diat  man  and  the  brutes  poa« 
sessrHf^tites,  desires,  and  affecticMis,  rq^ukted  by  the 
same  laws,  and  destined  to  aoecmplish  the  same  oljects,  in 
the -animal  economy,  exhibiting,  lM>wever,  sKght  shades  Of 
diflkfnee,- according  to  the  species.  The  superiority  of 
man  over  the  brutes,  in  referanee  to  tbe-active  powers,  (ex- 
cept perhaps  some  of  the  desires,)  is  so  small,  that  doubts 
may  be  entertained  respecting 'his  dums  df  supremacy. 
The  xomparison,  indeed,  cannot  wdl  be  made,  *as  every 
qiecies  has  peculiarities  of  eondition  to  contend  with,  for 
which  peculiar  active  powers  or  instincts  are  TCquired.  The 
number  of  qualities  of  each  instinct,  therefore,  is  in  propor* 
tion  to  the  wants  of  each  species. 

We  have  likewise  seen,  thatman  and  the  inferior  animals 
naturally  utter  particular  sounds,  and  execute  particular 
gestures,  as  the  means  of  communicating  thought  or  feeL- 
ing,  and  that  tlus  natural  language  is  chiefly  occupied  in  ex- 
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pieamig  the  wants  or  the  ^joyments  of  the  acthne  powers. 
InadditioQ  to  this  natural  language,  man  has  contmed  ar- 
tificial floundis,  and  artificial  ngna,  to  expieaB  all  his  penep- 
tionsy  reflections,  and  feelings,  to  others  of  his  race,  abaoDt 
as  well  as  present,— attributes  whidi  giTe  him  a  decided 
superiority  over  the  brutes.  It  is  by  means  of  these,  that 
the  improvemoits  or  the  experience  of  xme  generatian  aie 
transmitted  to  another ;  so  that,  while  the  brutes  must  ac* 
quire  all  their  knowledge  by  experioiee,  man  derires  hk 
inost  valuable  acquisitions  from  tradition. 

We  have  likewise  seen,  that  the  powar  of  restnining  th^ 
impulses  of  the  active  powers  is  weak  in  the  lower  ani^ 
mals;  but,  in  man,  itbcapableofe»ming  Itself  in  a  great, 
er  degree,  thus  giving  him  a  more  complete  oommaiwl  over 
himself,  and  consequently  over  the  oligects  around  him. 

These  various  instances  of  superiority,  unfold  to  us  the 
steps  by  which  man  is  destined  to  rijse  in  the  scale  of  civi- 
Used  life,  and  acquire  that  dominion  over  nature  whidi  he 
upholds  by  his  wisdom.  Man,  therefore,  is  fiur  exalted 
above  the  brutes,  by  a  superior  d^ree  of  perfection  in  hia 
intellectual  faculties ;  by  a  greater  power  of  vestramt  ov^a* 
)iis  instincts ;  and  by  readier  methods  of  communicating  hia 
ideas  and  feelings, — rather  than  by  a  difference  in  the  na- 
ture  of  his  mental  constitution. 

The  importance  of  the  nervous  system  to  the  existence 
and  wellbcang  of  animals,  naturally  excited  inquiries  oon- 
eeming  its  structure  and  modificarions  in  the  difimat 
vaces  of  animals,  and  led  to  the  adoption  of  the  duunac* 
t^rs  which  these  furnished  in  thor  dasdlfication.  We  have 
already  presented  a  view  of  the  ammal  kingdom,  at  the 
oonduaon  of  our  remarks  on  the  structure  of  the  nervous 
83rBtem,  in  which  the  classes  are  arranged  acoordii^  to  dif^ 
f erences  in  the  organization  <^  this  system. 

When  we  consider  the  difficulty  attending  the  examina- 
tion  pf  the  functions  of  the  nervous  system,  our  ignorance 
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of  the  drcumstanoes  in  the  organ  which  determine  its  ac- 
tion, the  numerous  instances  which  are  known,  where  the 
function  is  perfordied,  without  the  organ  exbting  which 
was  supposed  peculiarly  destined  to  its  execution,  we  could 
scarcely  have  exj^ted  an  arrangement  of  animals  to  have 
been  proposed,  depending  on  the  characters  furnished  by 
the  nervous  system  in  action.  The  celebrated  M.  Lamabk 
unappalled  by  these ,  difficulties,  has  adopted  a  method, 
founded  on  such  principles,  in  his  ^^  Extract  du  Coiurs  de 
Zoolo^^,"^  181S,  and  since  in  his  "  Histoire  Naturelle 
des  Animaux  sans  vertebres,^  1815  *. 

The  proofs  of  the  existence  of  sensation,  as  an  attribute 
coounon  to  all  animals,  have  been  given  in  an  early  part  of 

*  The  foUowing  synoptical  view  of  this  amngemeDt  will  enable  the 
reader  to  understand  its  peculiar  features : 

Animaux  aana  Vertebres, 

*  AnimaMX  Apatkifiiea.^i]a  ne  sentent  point,  et  ne  se  meuvent  que  per 

1.  Les  InAisoires.  lenr  iiritabilitie  excited      Car  act*  Point  de  cer« 

2«  Lea  Pfdypes.  veau,  ni  de  masse  medullaire  allonge^ ;  point  de 

3.  Les  Radiaires.  sens ;  formes  variees ;  rarement  des  articulations. 

4.  Les  Vers. 
(Epizoaires.) 

^*  Animaux  Sauihie9.^i\fi  sentent,  mais  n*obtiennent  de  leurs  sensations 

5.  Les  InsecteSi  que  de  peneptionM  des  objects,  especes  d*  idte  sim- 
a.  Les  ArarhnJdfls;         pie  qa'ils  ne  peuvent  combiner  entrdles  poor  en 

7.  Les  Crustaces,  obtenir  des  complexes.    Carad.  Point  de  colonne 

8.  Les  Annelides;  vertebrale ;   un  cerveau  et  le  plus  souvent  une 

9.  Les  Cirrhipedes.  masse  medullaire    allong^  ;   quelques  sens  dli- 

10.  Les  MoUusques.         tincts ;  les  organes  du  movement  attaches  sous  la 

peau ;  forme  tymetrique  par  des  parties  paiita. 
AnioMMX  Vertebrig, 
*""  Animaux  inteUigenM^^lln  sentent,  acquierent  des  idtes  conservables ; 

11.  Les  Fdssons,  executent  des  operations  entre  ces  id^,  qui  leur 

12.  Les  Reptiles:  en  foumissent  d*autres ;  et  sont  inteUlgens  dans 

13.  Les  Oiseaux.  difierens  degres.  Caraei,  Une  colonne  vertebrale,  niv 

14.  Les  Mammiferesi       cerveau  et  un  moelle  epiniere  ;  des  sens  distincts; 

les  or^nes  du  movement  fixes  sur  les  parties  d'un 
squclette  int^rieiur ;  forme  symetrique  per  des  par* 
ties  paires.  Tom.  i.  p.  381. 
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this  volume,  and,  if  satisfactory,  demonstrate  that  Apa- 
ihique  animals  do  not  exist.  With  regard  to  the  distinction 
between  Sensible  and  Intelligent  animals,  founded  on  the 
circumstance  of  the  ideas  of  the  former  bemg  all  ample, 
and  in  the  latter  both  simple  and  complex,  we  can  r^ard 
it  in  no  other  light  than  an  arbitrary  assumption  of  a  cha- 
racter which  has  no  exbtence  in  nature.  Among  his  Set^ 
sible  animals,  the  sense  of  hearing,  taste,  smell,  and  touch, 
are  well  known  to  exist ;  and  if  an  animal  derives  ideas 
from  all  these  sources,  is  it  conceivable  that  each  class  shall 
be  preserved  distinct,  and  no  combination  take  place  where 
the  ingredients  are  already  in  contact.  When  a  bee  de- 
parts from  its  hive  to  collect  food  at  the  place  where,  on  the 
preceding  day,  it  obtained  a  bountiful  repast,  it  is  obvious 
that  both  the  distance  and  direction  must  previously  be 
contemplated,  intimating  the  existence  of  complex  ideas 
both  of  time  and  space.  But  it  is  not  our  intention  to  oc- 
cupy the  time  of  the  reader  in  a  refutation  of  the  theoreti- 
cal opinions  of  an  author,  who,  in  his  delineation  of  the 
mental  powers  of  animals,  substitutes  conjectures  for  facts, 
and  speculation  for  philosophical  induction.  Fortunately 
for  his  reputation,  he  possesses  much  real  merit  as  a  syste- 
matical naturalist. 

In  conclufflon  we  may  observe,  that  the  different  mem- 
bers of  the  body  are  equally  subsendent  to  the  purposes  of 
intellectual  and  the  instinctive  powers.  We  open  our  mouths 
by  instinct  to  eat,  and  we  execute,  by  means  of  the  same 
muscles,  a  similar  movement  as  an  act  of  the  will,  in  conse- 
quence of  reflection.  The  impression  made  upon  the  sen- 
ses by  external  objects,  excite  the  movement  of  the  intellec- 
tual powers,  and  they  operate  equally  on  our  instincts. 
The  instinctive  powers  may  be  said  to  compreh^id  the 
relations  of  our  impressions  almost  intuitively.  Tho 
will  can  excite  the  senses  to  action,  and  the  instincts  can  do 
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the  same.  It  is  impoBsiUe,  therefore,  in  treating  of  the 
origin  of  the  moticHis  of  animals,  to  separate  the  volition  of 
intellect  firom  instinct,  because  few  actions  can  be  excited 
or  continued  by  the  latter,  without  being  perceived  by  the 
ibnner.  It  was  in  consequence  of  this  intimate  connec- 
tion, that  we  treated  of  the  instinct  of  animals,  along  with 
the  functions  of  mind  which  depend  on  the  nervous  sys- 
tem. We  by  no  means,  however,  give  it  as  our  opinion, 
that  instinct  and  intelligence  ar^  the  same,  either  in  kind 
or  in  degree.  The  former  we  know  to  be  common  to  every 
oi^ganised  bong,  the  latter  to  be  correlative  with  the  ner- 
vous system.  Their  intimate  union  in  animals,  therefore, 
is  no  proof  of  their  identity.  Vitality,  in  its  simplest  state, 
possesses  irritability  and  instinct  * ;  in  its  most  complicated, 
irritability,  instinct,  sensation,  perception,  reflection,  and 
voUtion. 

The  instinctive  powers  are  essential  to  the  existence  and 
comfort  of  the  individual;  the  intellectual  powers  increase 
the  resources  of  instinct,  and  in  a  savage  state,  are  ex- 
clusively subservient  to  its  purpose.  It  b  only  when  man 
advances  in  civilization,  that  his  intellectual  powers  assume 
their  preeminent  station,  control  his  instincts,  and  exhibit 
the  emblems  of  his  greatness. 

Under  the  first  class  of  functions,  we  considered  those 
organs  which  are  subservient  to  the  purposes  of  protection, 
stability,  and  action.  Under  the  second,  we  have  investi- 
gated the  nervous  system,— the  control  which  it  exercises 
over  the  body, — and  the  intercourse  which  it  permits  us  to 
hold  with.the  world  around  us.  In  the  third  class  of  func- 
tions, to  which  we  arc  now  to  advert,  the  organs  are  em- 
ployed in  obtaining  nourishment  for  the  system, — ^prepar- 

*  In  such  beings,  instinct  cannot  excite  to  action  by  volition,  which  is 
coexistent  with  sensation,  but  must  operate  exclusively  by  means  of  izritabi- 
lity. 
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iog  it  for  the  particular  parts,««-^flpanti]ig  it  whoe ' 
ed,— *aiid  removii^  those  portions  whidb  ha^e  beoome  sii. 
peifluous. 

CHAP.  XII. 

Digestive  System. 

In  treating  of  the  appetites,  as  occupying  a  conspicuous 
place  among  the  active  powers,  we  had  occasion  to  deline- 
ate  the  characters  of  the  instinct  for  food.  In  this  place, 
we  have  to  investigate  those  organs  over  which  this  instinct 
presides,  and  the  important  purposes  which  they  serve  in 
the  animal  econoidy. 

Every  one  knows,  that  the  sensation  of  hunger  is  felt 
when  the  stomach  is  empty,  but  the  nature  of  the  connec- 
tion between  these  drcumstances  has  not  been  satisfisictorily 
explained.  Some  have  ascribed  the  feeUog  to  the  fiitigue 
of  the  muscular  fibre  from  the  stomach  being  contracted, 
and  others  to  the  friction  of  the  rugae  of  its  internal  cover- 
ing, while  there  have  not  been  wanting  many  who  refer  it 
to  the  stimulus  of  the  accumulated  gastric  jmce,  or  to  the 
acrimony  of  that  fluid,  ari^ng  from  its  unusual  detention. 
But  the  total  absence  of  proof  in  support  of  any  of  these 
opinions,  renders  it  unnecessary  to  enter  upon  their  ex- 
amination. 

Many  circumstances,  however,  are  known,  which  promote 
hunger,  especially  exercise,  cold  air  applied  to  the  skin,  and 
cold,  acid,  or  astringent  fluids  introduced  into  the  stomach. 
Inactivity,  warm  covering,  the  attention  diveirted,  and 
warm  fluids,  have  a  tendency  to  allay  the  sensation*.    But 

*  These  facU  serve  to  explain  the  dicumstance  of  the  inhabitants  of 
warm  countries  making  use  of  food  highly  seasoned  with  hot  spices,  while 
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whetha*  these  effects  indicate  the  local  state  of  the 
stomach  as  the  cause  of  the  sensation,  or  merely  its  coiuieo<. 
tion  with  other  drcumstances,  which  give  rise  to  the  feelings 
can  seatcely  be  determined.  Indeed,  it  is  not  proved  that 
the  sensaticm  of  hunger  arises  fnnn  the  state  of  the  stomachy 
in  preference  to  the  condition  of  the  duodenum,  or  the  ori« 
fices  of  the  lacteals. 

Thirst  is  aocompamed  with  a  sensation  of  dryness  in  the 
mouth.  Tlus  dryness  may  be  occasioned  by  excessive  ex^ 
Jsenditure  of  the  fluids,  in  consequence  of  the  dryness  or 
saltness  of  the  food  which  has  been  swallowed ;  or  to  their 
deficiency,  from  the  state  of  the  organs. 

Both  hunger  and  thirst,  beodes  being  greatly  influenced 
by  halnt,  exhibit  very  remarkable  peculiarities  according 
to  the  species  and  tribes  of  ammals.  In  each,  the  wants  of 
the  system  are  provided  by  instincts,  which,  in  the  attain- 
ment  of  th^  object,  exhibit  movements  the  most  oompli* 
cated,  and  employ  means  the  most  various. 

Animals  are  frequently  characterised  by  the  kind  of  food 
on  which  they  subsst  Those  which  live  on  the  spdls  of 
the  animal  kingdom  are  said  to  be  camivorousy  when  they 
feed  on  flesh,-^Mciz;orou«  when  they  subost  on  fidies,— * 
and  insecAvorcus  when  they  prey  on  insects.  Again,  those 
animals  which  are  ph^vorouSf  or  subast  aa  the  products 
of  the  vegetable  kingdom,  are  ather  granivorou8f  and  feed 
cm  Beedsy'^^gramimvorouSy  pasturing  on  grass^-«-or  her* 
bivorouSf  browsing  on  twigs  and  shrubs. 

Be^des  those  substances  which  animals  make  use  of  as 
food,  water  is  likewise  employed  as  drink,  and  as  the  vehicle 
of  nuti||ipus  matter.  Salt  is  necessarily  mixed  with  the 
drink  of  the  inhabitants  of  the  ocean,  and  is  relished  fay 

those  of  colder  districts  are  satisSed  with  a  less  stimulating  diet  The  vigour 
of  the  digestive  organs  of  the  latter  is  fit  for  the  accomplishment  of  its  oh. 
jetty  hut  the  languid  condition  of  the  former  caHs  for  assistance. 
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man  and  many  other  animus  *.  Other  inorganic  substan- 
ces are  likewise  employed  for  a  variety  of  purposes.  Many 
savages  make  usie  of  steatite  and  day  akn^  with  their  food. 
The  common  eiurth-wonn  swallows  the  soil,  fixim  which,  in 
its  passage  through  the  intestines,  it  extracts  its  aoutiah- 
ment 

In  some  cases,  substances  are  swallowed  for  other  pur- 
poses than  nourishment.  Stones  are  retained  in  tfaestomadi 
of  birds,  to  assist  in  triturating  the  grain,  fthe  wolf  is 
said  to  satisfy  his  hunger  by  filling  his  stomach  with  mud. 
We  have  found  in  the  stomach  of  the  eared  grebe  i^odi- 
ceps  auritus),  in  the  month  of  January,  a  large  baQ  dT  its 
own  breast  feathers,  probably  pulled  off  and  swallowedYor 
the  same  piarpose. 

When  we  consider  the  number  of  elementary  substances 
which  enter  into  the  composition  of  the  bodies  of  animak, 
and  the  varieties  of  comlnnation  whidi  •th^y  form  in  the  in- 
dividual parts,  we  may  percdve  how  vain  it  is  to  assign  to 
any  one  substance  the  exclusive  property  of  nourishing, 
and  to  consider  the  value  of  the  food  to  depend  on  its  pre- 
sence. In  the  ordinary  secreted  fluids,  the  number  of  ele- 
mentary bodies  of  which  they  consist,  is  greater  than  one 
would  be  led  to  expect,  without  some  delUieradon.  The 
spittle,  for  example,  is,  in  man,  necessary  to  mastication, 
and,  therefore,  during  the  continuance  of  health,  must  he 
constantly  produced.  Yet  we  find  the  following  elements 
entering  into  its  composition :  Oxyg^,  hydrogen,  aaote, 
carbon,  phosphorus,  muriatic  acid,  lime,  and  soda.    We 

*  The  eagemem  with  whieh  many  quadrupeds  and  birds  poM  tomods 
saU-qprings  and  lakes,. situated  in  inland  districts,  tor  the  purpo^  of  tasting 
their  contents,  indicates  a  constitutional  fondness  for  salt.  The  saline  mine- 
ral spring  of  Dunblane,  discovered  a  few  years  ago,  first  attracted  notice  by 
its  being  the  constant  resort  of  pigeons,  which  flocked  to  it  from  gxeat  dis^ 
tances  at  aU  times  of  the  day. 
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hare  no  proof  that  these  mbstances  are  derived  from  any 
other  souroe  than  the  food.  Hence,  for  the  supply  .of  this 
wif^  secreted  fluid,  substances  containing^  at  least,  these 
dght  elementary,  bodies,  must  be  obtuned  for  the  use  of 
the  system.  It  would  be  di£Scult  to  determine  ii:hich  of 
these  substances  could  be  spared,  so  as  to  produce  the  least 
injurious  alteration  in  the  secretion ;  but  it  is  obvious,  that» 
as  they  all  occur  constantly,  they  ave  all  necessary  to  the  per- 
fection, of- the  secretion  and  the  healthy  state  of  the  system. 
As  aaimai/matter«  contains  a  great  deal  of  azote,  physio* 
legists  have  differed  in  their  opiiiion  with  respect  to  its  on-, 
^n,  some  attributing  it&  source  to  the  lur  in  respiration^ 
others  ta the  food..  M.. F.  M^gkndie  instituted  a  series 
of  experiments,  for  the  pujppose  of  determining  this  ques-, 
tJOiL  .  He  selected  a  dogin  good  condition,  three  years  oldy 
and  fed'  him,  with  substances  which  contained  no  azQte4 
These  consisted  exclusively  of  white  sugar  and  distilled 
water.  During  the  first  weele  he  appeared  to  enjoy  hia 
new  re^unen,  but  in  the  second  w«ek  be  began  to  grow 
lean,  his  eyes  became  ulcerated,  and  gradually  losing 
strength,  he  diedpn  the  thirty..second  day.  The  urine  was 
foundto  be  alkaline,  and  to  present  no  trace  of  uric  or 
fboBfiMic  aqid.  The  bile  res^nbled  that  of  herbivorous 
anirtttls,  and  the^excl»arlent8  amtained  but  a  small  prcqpors 
tioQofaaote.  In.the,bdd^  the  fat  had  dissfipeared,  the 
miiiaeies  were  reduced  ui  sice,  and  the  volume  of  the  imest 
tinea  dimimshed.  SixaiJar  results  were  obtained,  when  tli^ 
expflriflfient  was  repeated  upon  two  other  dogs ;  and  like- 
wise in  twQ  cases  when  olive  oil,  and  in  pthers,  when  gun\ 
was  subsdtuted  in  place  of  sugar  *. 

*  Precis  Elementaire  de  Phyoologie,  Paris   1817,  2  vols.  Bto.  iL^. 
£^S90,.^af 
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The  Taltte  of  these  ezperhnenls  ie  ledooed  afanoet  to  bc^ 
thing,  when  we  oonader,  that  an  animal,  natmRally  cami- 
voious,  and,  in  a  domestic  state,  omniTonxis,  is,  aU  at  ooo^ 
restricted  to  diet  and  drink  foragn  to  its  jiature,  and  with 
which  it  was  never  aocustomed.  In  sudi  circimistaaoesy 
we  may  expect  a  derangement  of  the  system  U>  take  place 
from  a  variety  of  csttscs. 

In  the  first  experiment,  where  the  dog  was  fed  with 
'  white  sugar  and  distilled  water,  the  dementaiy  substances 
which  the  system  could  obtmn  from  these,  were  oxygen, 
carbcHi  and  hydrogen,  together  with  a  Kttle  aaote,  contain- 
ed in  the  air  within  the  pores  of  the  sugar,  or  mixed  with 
both  the  sugar  and  distilled  water  in  the  process  of  mafld« 
cation.  But  we  have  seen,  that  in  the  saliva  alone,  a  fluid 
essentially  necessary  to  the  very  commencement  of  the  pro« 
cess  c£  digestion,  phosphorus,  muriatic  acid,  lime  and  sd. 
da,  enter  as  ccMistituent  ingredients.  Asote  may  have  been 
obtained  from  the  air  in  respiration.  We  may,  ihecefise^ 
with  great  propriety,  regard  the  decay  and  death  of  the 
ammal,  as  originating  in  thewantof  these  other  elementary 
substances,  rather  than  to  the  azote,  the  one  to  which  th^ 
are  referred  by  the  author.  If  saliva  could  not  be  pro* 
duced  from  such  food,  much  less  could  blood,  whidi,  in  ad* 
dition  to  the  elementary  bodies  now  mentioned,  contains 
nuigneaa,  potash  and  iron.  It  is  obvious,  therefore,  that  ia 
these  experiments  there  were  too  many  deranging  causes  ope* 
rating,  to  permit  a  safe  condunon  to  be  drawn  from  them. 

In  attending  to  the  animal  economy,  in  reference  to  the 
digestive  system,  it  is  interesting  to  observe  the  various 
means  which  are  employed,  in  order  to  bring  the  food  with- 
in the  reach  of  the  organs  employed  in  d^lutition.  Tn 
man,  the  hand  is  extensively  used  for  this  purpose,  and  for 
which  it  is  admirably  adi^ted  by  the  plialnlity  of  the  fing- 
ers, and  the  opposition  of  the  thumb  in  the  act  of  gnis|ung. 
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In  BQDie  caMs,  the  daws  in  which  the  toes  terminate,  by 
penetirating  the  substanoe  of  the  object,  retain  it  more  se^ 
curely.  These  claws  are  sometimes  double  cm  the  same 
finger,  and  have  their  motions  so  arranged,  that  they  saze 
the  object  like  a  pair  of  fofoepa. 

In  place  of  arms,  {Mnotected  or  suppcvted  by  bard  articit- 
lated  substances,  many  animals  possess  soft  flexible  threads 
of  various  thickness,  termed  ieviiaeula.  These  encompass 
the  oligects  used  as  food,  and  convey  than  to  the  mouth. 
Sometimes,  for  the  more  certain  retention  of  the  prey, 
these  tentacula  are  armed  with  suckers,  which  adhere  rea* 
dily  to  any  surface  to  which  they  are  apphed. 

Some  animals  are  furnished  with  a*  lengthened  sftouiy 
for  the  purpose  of  turning  up  the  ground  in  search  of  fiood, 
as  the  sow  and  mole.  In  the  case  of  the  elephant,  the 
snout  is  so  constructed  at  the  extremity,  as  to  grasp  an  ob- 
ject, and  so  flexible  throughout,  as  to  serve  the  purpose  of 
tentacula. 

These  organs  for  seizing  which  have  been  enumerated^ 
though,  in  general,  atuated  in  the  anterior  part  of  the  body, 
in  the  ndghbourhood  of  the  mouth,  do  not  enter  into  the 
oomporition  of  that  opening.  Those  which  foUow,  how- 
ever, form  constituent  parts  of  that  organ. 

The  margin  of  the  mouth  itself^  termed  the  KpSy  is,  in 
many  cases,  well  adapted  for  the  purpose  of  seizing  objects. 
In  some  cases,  they  are  capable  of  bdng  protruded  to  some 
distance,  and  form  a  tubular  proboscis ;  and  bang  beset 
with  teeth  or  prickles,  retain  possession  more  secure  of  the 
objects  of  their  pursuit. 

In  some  instances,  the  tongue  is  used  as  an  instrument 
of  seizure.  In  which  case  it  is  capable  of  being  extended 
considerably  beyond  the  margin  of  the  mouth. 

In  many  aquatic  animals,  a  variety  of  means  are  on- 
ployed,  in  order  to  produce  currents  in  the  water,  to  bring 


Digitized  by  CjOOQ IC 


320  PHILOSOPHY  OF  ZOOLOGY. 

the  fbod  wliidi  it  ocxitains  more-  uDBoediatdy  meanttict 
with  the  mouth.  Tubes  are  used  fear  this  purpose  Among 
the  moQusca,  and  circular  rooveabk  ciliae  in  some  of  the  in* 
fusoiy  animalcula. 

Where  the  food  is  soft,  and  easily  broken  or  torn,  and 
•^ere  the  lips  have  sufficient  strength,  the'  mouth  is  easily 
filled  with  fbod.  But  where  the  animals  are  weak,  or  th^ 
portion  of  the  food  for  masticaidon  difficult  to  be  separated,, 
other 'means  are  provided  than  those  to  which  we  have  al<- 
teadiy  refemd.  The  lips,,  as  in  the  case  of  the  mandiUes 
of  birds,  are  covered  with  a  homy  shell,  "admirably  adapt- 
ed for  cutting  off  portions  of  food.  Teeth  placed  in  fronts 
,with  sharp  edges,* 'are  ^ven  to  many  quadrupeds  for  the 
same  end;  and  are  termed,  from- thar  use,  ctMng  ieeih.^ 

By  these. various  cootrivaaces,.  the  food  is  brought'  in 
contact  with  the  mouth  ;  and  the  requinte  quantity  kjp{ura«  . 
ted  from  the  mass.  The  cavity  of  the  tnouth,  in  the  most 
perfect  animals,  is  formed  by  the  lips  in  front,  the  hard 
palate  above,  the  soft  palate  behind,  the  tongue  below,  and 
thecheeks  on  ei|ch  side.  All  these  parts  contribute  to  mo- 
dify the  motions  of  the  food,  while  retained  in  the  cavity. 
In  some  cases,  the  food,  upon  entering.the  mouth,  is  oon^ 
veyed  immediately  into  the  gullet;  while  in  many  animals 
it  is  subjected  to  the  process  of  masticaiwn  or  chewing. 
For  this  purpose,  wthe  under  jaw  is  indispensably  necessary ; 
and  the  motions  of  which  it  is  susceptS)Ie  indicate  the  kind 
of  action  which  is  perforineid.  When  the  jaw:  is  articulat- 
ed in  such  a  manner,  that  a  vertical  motion  only  is  permit- 
ted, we  may  infer,  that  the  food  consists  chiefl^^,  if  not  ex- 
clusively, of  flesh.  If,  on  the  other  hand,  the  joint  admits 
both  of  a  vertical  and  horizontal  motion,  the  food  consists 
chiefly  of  vegetables.  Between  these  two  extremes  there 
are  many  intermediate  modifications,  enabling  cerUun  ani- 
9iak  taf^cdon  both  kinds  of  fisod.     With  each  condition  of  . 
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mouon  in  the- jaw,  there  are,  likewise,  in.  many  cases,  oo« 
existing  forms  of  teeth.  In  the  jaw,  with  the  vertical  mo- 
tion, the  teeth  are  sharp  or  pointed  on  the  summits,  and 
they  divide  the  food  by  the  edges  passing  each  other  Uke 
sdssars,  or  by  the  mutual  opposition  of  the  unequal  sur- 
faces.  Where  the  jaw  has  an  extensive  motion,  the  sur. 
fiicesof  the  teeth  are  flattened  and  grooved,  and  well  adapU 
ed  for  triturating  grain  or  herbs. 

While  the  food  is  thps  undergoing  the  process  of  masti- 
cation, it  is  neces^ry  to  change  its  position,  in  order  to 
place  all  the  parts  under  the  action  of  the  cutting  surfaces 
of  ibe  teeth.  In  the  accomplishment  of  this  purpose, 
tl),e  cheeks  render  essential  service,  by  bringing  back  the 
food  which  falls  on  the  outside  of  the  teeth.  The  tongue, 
however,  is  the  instrument  which  chiefly  serves  to  regulate 
the  motions  of  the  food  in  the  mouth.  Its  delicate  sense 
of  touch  and  taste,  fit  it  for  ascertaining  the  changes  which 
are  taking  place ;  while  its  flexibility  enables  it  to  turn  the 
substances  in  every  direction,  and  giv^  to  the  whole  the  re- 
quisite preparation.  Here  we  can  discern  three  coexisting 
organs,  where  the  food  requires  to  be  chewed :  the  jaws  must 
perform  certain  motions ;  teeth  are  requisite ;  and  a  flexible 
tongue.  Where  chewing  is- not  performed,  the  tongue  nei* 
ther  possesses  the  same  flexibility  of  motion,  nor  the  same 
delicacy  of  feeling. 

The  food,  while  subjected  to  the  process  of  mastication, 
is,  at  the  same  time,  mixed  with  a  peculiar  fluid,  termed 
MtUva  or  ipiUle,  This  fluid  is  secreted  by  almost  the  whole 
internal  surface  of  the  mouth,  and  from  the  parotid,  sub- 
maxillary and  sublingual  glands.  Its  chemical  nature, 
as  a  whole,  has  been  already  noticed;  but  it  remaiDB 
to  be  ascertained,  whether  all  thes^  glands  seorste  th^ 
same  kind  of  fluid,  or  each  a  liquor  peculiar  to  itself.  .  Q3\ 
▼OL.  I,  X       •  - 
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this  subject,  however,  there  are  no  sfttiBfacunrycbservatioft^ 
iteither  is  it  detennined,  whether  the  wdiva  aettf  mednMoaK 
ly,  merely^  by  afisisting  the  teeth  to  rediMe  the  AmxI  4o  a 
pulp,  or  whether  it  ikXs  dientteally,  by  aidiiig  the  ooiiv«r* 
fiion  cf  the  food  into  diyle. 

After  the  food  haa  thufe  b^en  reduced  to  a  pi^y 
BUU8,  by  the  attrition  of  die  teeth,  and  sufficienliy  nailed 
with  saliva,  it  is  fit  to  be  conveyed  to  the  stonubok  Be- 
tween the  mouth  and  the  stomach,  however,  in  the  more 
perfect  ammaky  there  intervene  two  cavities,  the  ^xAnfyiur 
and  the  guBet.  The  former  oceuines  the  back  part  <£ 
the  mouth,,  behind  the  base  of  the  tongue  and  the  soft  ym- 
late^and  the  posterior  q)eiiing8  of  the  nottrila.  The  wiiid- 
pipr  and  gullet  open  into  it  By  means  of  the  tongue  and 
cheeks,  the  food  is  thrust  into  this  cavity,  and  at  this  time, 
its  entrasice  into  the  nostzils  is  proteded  by  the  soft  pilttte, 
and  its  suspended  uvuk.  The  opening  into  the  windpipe 
is  ako  closed  by  a  valvular  arrangement,  -and  oonoeakd  by 
the  base  of  the  tongue  and  a  cartilaginous  valve,  termed  the 
0piglaM$.  The  muscular  structiffe  ot  the  waQs  of  the 
pharynx  piopek  its  eonienCs  into  the  gullet  or  ttsophi^iisL 

In  many  animals,  the  mouth  may  be  wd  to  open  im- 
mediately  into  the  stomadi.  In  the  more  perfect  kinis, 
however,  the  gullet  forms  the  intcm^fiiRle  conMiction, 
and  consists  of  a  tube,  varying  greatly  in  its  dkaensioBs, 
flDoording  to  the  species.  Its. external  coat  eonsiBts  of 
longitudinal  or  tianaverse  musouhu*  fibres,  which  insist  in 
prapellingthelbod  to  the  stomach;  and  within  diis  is  a  kyer 
of  cellular  substance,  lined,  on  (he interior,  wildb  anmeoUB 
menribnme.  The  food  is  here  stUl  ftfther  soAensd,  bj  be. 
ing  mixad  with  the  aeeretbna  of  tiie|;ull0t,  and'bMtaMlb 
pkwparad  for  anfemog  t^  atomadi,  to  ^stperiiinee  sdit  fttr- 
tber  changes. 

The  stomach  exhibits  sudi  remarkable  variations^Horm 
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in  \ite  ^iff^f^pt  -tnb^of  animalsy  m  to  render  a  gonetal  cle- 
«:pq)t9PP  of  ^  9fp99x^aKeR  mi  atruotwre  mpufacAoMe. 
In  the  iipmv  subject,  and  m^py  olber  aniiDals,  it  as  ip  the 
£mB(i  of  #ib|[g;  simple  in  tl|9  interior,  and  fiifpished  vkh 
two  (^i^nipp^;  (he  one,  by  which  ,t|ie  contents  gf  the  gullet 
fDter,  heing  t^nafsi  the  cardUh  ^id  the  oth^,  whieh  oonvey  s 
tbfse  out  of  the  stoipach,  the  p^mjf.  The  portion  of 
diestpifvch  next  the  cardia,  is  terwed  the  qv^W^  ponioQ, 
and  the  ,<»ther  the  pyloric. 

7<be  food  is  minced  in  the  stoQUfcb  with  another  .ai^inal 
flai^  ^jsrwed  the  ffoMric  Jt^ice.  The  glwds  in  wbiph  cfefts 
juice  is  prqiared,  vary  gceatly  in  fonn  as  well  as  powtaop. 
in  scime.cases  tbfsy  ipre  siipple;  while  in  c^rs  •th^  flfe 
hotry  oyuja^  or  divided  into  Jobes.  They  appear  ip  Bqme 
apin^als  M-the  hpse  of  the  gpUet,  lin  others  at  the  .^acdia ; 
whi)e4pmany  thigr  appear  to  be  confined  to  ifaepyjanc 
.portion.  The.oat^fecf  the  fluid  which  is  staraled,  aid 
its  uae  in.the  fpvoeeBS  (^.digestioOy  have  given liae  to  gseat 
.difei!ef»iw  <if  0fjaifm*  The  imppssihsUly  of  obtaining  it  m 
appK  stale,  boshkh^itQ  prevented  any  eonfidemze  being 
jwpiped4li 'those  eyp^ip^^iis  whi4h  havjebeeo  aHtnqrtEd.to 
determine  its  natuie.  jtodeed^  if  .ive  refl^eC.on  the  difiwent 
lcit)dsrf4bodeBG|^0)F^.byMiimais9  we  may.expaot  tovfind 
tbe^gmi^  jilise  varyipgin  itS;Paftiire,-aosoDdang  toitheanb* 
alaneia  vritfi  ^rinsh.itisdestinedfto  bemixed.  TheaKperi- 
'jnwla^tf  BxA0Mnirs,  S^AtiiAuaaJH,  and  othen,  deflKm- 
.stiale  itsxeiolveiit  powar.  If  grains  of  com  beputiinto  a 
.ptrfenited tube,. and  &readiirtotJie  stomach  efagaaaiio- 
•fana  hi|4»  n»  aham^  wiU.lake  plase,  Aoogh  aofleind  to 
j^mMPia.oeosidaiaUb  ^ipe ;  .hwt  if  Ae  bosks  .be  wnovad, 
jind^tiie  gmips  fapkced  ip  th^  tubs,  they  aall  spmibt  .xp- 
iAjmAto^AviAfrnfi-  JB^oir.nvadK«aakedby4iif.^e^ 
adflg4  and  it  is  no  unmmmmi  thing  for  sea  fowl^eswaltew  a 

7C« 
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tub  too  large  for  the  stomach,  so  tliat  a  part  remains  in  the 
gullet  That  which  is  retained  in  the  gullet  continues  onalter- 
ed  ;  but  the  portion  which  has  entered  the  stomadi  ia  vary 
speedily  reduced.     Agiun,  the  gastric  juice  is  well  known 
to  possess  the  power  of  coagulating  milk,  and  of  redissolv- 
ing  the  ooagidum.     An  antiseptic  power  was  likewise  as- 
cribed to  the  gastric  juice  by  Spallanzani.  He  states,  that 
pieces  of  meat  may  be  preserved  a  long  time  in  this  fluid,  with- 
out undergoing  putrefaction ;  and  that  putrid  meat  becomes 
sweet,  after  remaining  a  short  time  in  the  stomach  of  a  dc^. 
The  existence  of  this  antiseptic  power  has  been  recently 
called  in  question  by  M.  Montegrs  *,  who  found  that 
the  liquid^  which  he  connders  as  gastric  juice,  is  neariy  fiimi- 
larto-salira,  and  putrefies  as  readily  as  that  secretion,  when 
kept  in  phials  at  the  temperature  of  the  human  body.  But 
it  appears  probable,  that  he  operated  on  safiva  only,  or  on 
saliva  mixed  with  the  mucous  secretions  of  the  gullet  and 
stomach,  as  he  obtained  the  subject  of  his  experiments  (rom 
his  own  stomach,  after  fasting,  by  means  of  vomiting ;  anee 
it  is  not  yet  demoiistrated,  nor  even  rendered  probable,  that 
in  the  living  system  the  gastric  juice  is  secreted,  unless 
when  the  stomach  is  distended  with  food. 

In  some  cases,  as  among  the  ruminating  quadrupeds,  the 
stnmadi  consists  of  several  diviaons.  Into  the  first  of  these 
the  food  is  conveyed  as  into  a  storehouse,  to  be  afterwards 
thrown  up  in  suaU  quantities  into  the  mouth,  to  be  remas- 
ticated  and  transmitted  to  the  true  digesting  stomach,  in 
which,  only  the  gastric  juice  is  to  be  found.  The  two 
first  stomachs  of  the  ok  may  be  r^arded  as  appendages 
,  of  the  gullet,  and  more  connected  widi  masticaticm  and  de- 
glutition, than  digestion.  In  other  animals^  as  birds,  the 
food  b  exposed  in  the  storaadi  to  a  process  of  triturttion 
*^ ■ — ■ ^—^ k — 

*  Repatt  of  Uie  Fraidi  InMitittt  for  181S. 
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or  poundiiig)  performed  by  the  strong  muscular  gizzard, 
assisted  by  stones  which  have  been  swallowed,  and  are  re- 
tained on  purpose.  In  other  animals  this  trituration  is 
aooomplished  by  hard  bony  parts  in  the  stomach,  as  amoi^ 
some  of  the  crustaoea.  These  expedients  supply  the  de* 
ficiencies  of  iaiperftct  mastication,  and  enable  the  gastric 
juioe,  and  the  other  secretions,  to  become  mooe  jntimatdy 
mixed  with  the  food.  What,  then,  are  the  changes  which 
the  food  undeigoes  in  the  stomach  ? 

Without  attemptiiig  to  give  a^  history  of  the  opinions 
which  have  been  advanced  on  this  subject,  and  expressed 
by  the  terms  Concoction,  Putrefaction,  Fermentation,  Disso- 
lution, andMaceration,  let  us  attend  to  the  phenomena*  The 
food,  after  having  been  mixed  with  the  saliva  and  gastric 
juice,  and  exposed  to  the  heat  and  motion  of  the  stomach,  in 
^  short  time  b^ns  to  exhibit  changes  in  its  medianical  pro- 
lierties.  That  some  changes  likewise  take  place  lOf  a  cbe» 
mical  nature  iqppears  obvious,  from  the  circumstance. that 
.an  add  is  produced.  This  has  been  considered  by  some 
as  the  phoqihoric,  by  others  as  the  acetic  or  carbcmic  add. 
This  much  seems  to  be  ,detennined  that  k  is  a  volatile 
add ;  as  its  effects  on  Jitmus  paper  are  temporary.  But  the 
mechanical  effects  are  the  roost  remarkable.  The  appear- 
ance of  the  food  by  dqprees  changes,  and  the  whole  is.re- 
duced  to  a  somewhat  uniform  .and  pultaceous  mass,-  termed 
chjftme.  This  mechanical  change  takes  place  from  the  sur- 
face to  the  centre  of  the  contents  of  the  stomach ;  and  by 
means  of  the  movements  of  the  organ,  the  reduced  portion 
is  withdrawn  as  it  is  prqiared,  and  passes  out.at  the  pyloric 
opening  of  the  stomach. 

After  all  this  preparation,  we  might  expect  that  the  nu- 
tritious portion  should  now  be  withdrawn  and  enter  the  sys- 
tem. But  other  changes  are  still  Jiecessary.  The  pylo- 
rus opens  into  the  duodenum^  which  a)nst]tutes  the  com* 
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mencefnent  of  tfte  int^n'al  tttnil.  In  thh  €ttini^At^4lltpaie 

reifdei'ed  fit  to  be  tidcen  uf>  ibk'  the  use  of  tfM  oMubniMh 
lih^^  &r^  the  pond^fie  juM  li^  the  bile 

Tfi^  pancteas  is  a  hfge  cdi^omertft^  glM^f  b<aiM|f  a 
V^ry  close  resemUartce  in  iti  textitfe  Md  tfMMioM  IwdM 
^ivn:ry  gkdds.  Ii^  the  dWerent  teitebnil  aunnii^  k  €Ak^ 
MiXA  feihorkable  niodiilrflctiotfe  cffoOe^  ookMir,  eiMMSMoeMd 
form.  It  is  destined  to  prepare  the  paiKtealie  jfiMe.  TMi 
liqiioi^i^  collected  in  the  gfauM  by  MniiB  rtidil^«^  whkib  gra- 
dually utiite,  to  form  th^  excretory  dncf*.  TbesertiAtMiM- 
f imes  nnfte  with  the  UKary  diieu ;  hft  dfh«r  iHM«ie»  tfie^ 
coiitifjue  didtinct^flfid  potif  fheif  6niteHts^hMo»fli6  duttdtettta. 
tn  some  ariiifnkls  the  st6mach  itself  receite»  fine  AttM. 
Sdttietitnes  tfiere  is  but  one  opetdng,  in  6A«r  oMs*  the 
ducts  are  as  numerous  as  (be  lobes  of  the  divisions  of  dte 
gland.  Ilie  excretion  fVom  th«  dactft  is  pfoteoted  by  fifm- 
sure  and  stimuli. 

The  niiture  of  this  jmce  has  not  b«ni  MtAsfaetcttbjf  «c- 
amined.  It  is,  by  some,  ooKslder^  ate  iditoikir  to  the  sdl- 
va;  by  others,  as  of  the  nature  of  the  gastric  juie&  tt 
likewise  regains  to  be  Ascertained,  what  eflfeets  afe  {irodtfh 
ced  on  the  chyme  by  its  presence,  whether  it  ada  ehend- 
callyasa  solvent,  or,  fay  assimllathig  it  neater  to  the  iiMtre 
of  the  blood,  tenders  it  more  fit  for  being  absofbed  and 
mixed  with  that  fluid.  The  other  organ  wUch  is  coMem- 
isd  in  the  process  of  diylification,  is  the 

Xiver.—^This  gland  exists  in  all  those  aninttds  IrhiA  are 
furnished  with  a  heait  and  drculating  system.  It  varies 
greaj:lj  in  form,  size  and  subdivisons;  but  in  aU  oases 
there  is  a  very  striking  lulalogy  in  strudture,  oohmr  and 
.cdnnstence.  It  receives  an  aftety  in  th(j  mammalia,  tend- 
ed the  hepaiic;  and  a  Vein  ^hich  likewise^tertfnitlates  m  its 
suhAance.    This  last  circumstaitc&^is  peculiar  to  this  gland. 
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Tbi^  T^  ip  tenn«d  the  ve9«^ jKirtar^  It  19  foniied.  from 
t^  uflim  of  the  brwclies  of  neairly  ajl  the  veipa  which 
aisi9i»  ifofffk  th^  abdopuial  yisoem.  Both  these  Teasels  qxreffd 
dwr  HWUt^  rpi^cirtiQW  tlmyghQUt  til^e  liver,  and  bad\ 
tbw  ^^itrfiiiie  diyiabm  termi^iate.  iu  true  v^ns.  Whether, 
tb^^  ift  th»  bi)^  psep^red  from  venpw  or  arterial  blood  ? 
la  tlie  MMiroimli>i,  it  is  pi?i^beblethat  whiles  the  latter  serves 
toff  ttie  iiswishnMpt  of  the  liver,  the  fonder  fumiahes  the 
materials  for  the  fornmtioi^  of  the  bile.  The  peculiar  ter- 
minatiBH  of  the  vei9»  its  superior  Aase,  vbeacon^par^  with 
the  «]neiy>  «ppcwr  to  Qouptemnce  s^^h  9P  opioioou  On^the 
olher  hand,  inataMoabave  Qpeu^rred»  io  which  thi&  vein  did 
Bot  toiniiiate  in  ib^  liver ;  conseqiiei^tl;,  the  hUe  must  have 
baas  desived  solely  j&o«n  the  b«p«tic  artery.  Biut  thes^  ex- 
tnme  casead»  aot  epaUe  w  tQ  detennipe  the  nature  of  the 
different  parts  of  the  organ  in  a  sound  state ;  although  they 
fioraieb  us  with  iateiesting  diq)lays  of  the  compensi^ing 
power  flf  nalme. 

The  bile  is  edlaeled  in  the  Ufver  l^  very  aHUUte  delicate 
▼caads,  whkb,  by  Ihw  unioq,  fbqii  die  h^pn^  4^. 
Sometimes,  inatead  of  ibrming  a  single  duct,  the  bile  i^ 
earreyad  by  sevcial  canals  to  the  stoaviQh  orintestiiie.  In 
aoflne  caaea,  the  iiapatic  duct  oowveya  the  bile  directly  to  it^ 
deatination;  in  other  caaea»  a  portion  of  it  is  diverted  wt9 
a  partaouhur  reoeptade,  termed  the  gqlUladdcr.  The 
atrudure  of  the  coats  of  this  reaervqir  is  similar  to  that 
of  the  stomach.  In  shape  and  si^e  thi^  bladder  varies  fu^ 
oorcfing  to  the  apeciea.  The  canal  by  which  it  is  filled,  apd 
hy  which  it  is  likewise  emptied,  is  terqied  the  cystic  dtfct. 
The  canal  which  is  farmed  by  the  umon  of  the  hepatic  and 
«y8tic  ductSy  has  been  denominated  d^dui  communis  chok- 

Let  ua  now  attend  to  the  nature  of  the  bile  itself;  a 
fluid  which  has  long  occupied  the  attention  of  the  phyaio- 
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logist  and  chemist.  Thkvaep  considers  bile  as  oonsistiiig) 
besides  the  saline  ingredients  and  water,  of  a  ydlow  matter, 
of  a  resin,  and  a  substance  which  he  terms  jMcromd^  winter 
solid,  and  soluble  in  water  and  alcohol.  Bsrzbliiib  con- 
siders bile  as  consisting  of  water ;  apectdiar  biRary  maUer, 
of  the  nature  of  albumen,  and  of  mucus  of  the  gall-bladder 
dissolved  in  the  bile,  together  with  alkalis  and  salts,  com- 
mon to  all  the  secreted  fluids.  In  this  peculiar  hiHarj  mat- 
ter Berzelius  could  not  detect  any  azote. 

That  different  animals  should  furnish  fasle  whh  proper- 
ties depending  on  the  foo(l  which  they  consumed,  and  con- 
sequently dissimilar  in  its  nature,  was  reasonably  to  be  ex* 
pected.  Thenakd  found  the  matter  which  he  describes  as 
picromel,  to  be  present  both  in  some  herbivorous  and  car- 
nivorous animals;  while  in  others  he  could  not  detect  its 
presence. 

When  the  chyme  has  become  mixed  with  the  pancreatic 
juice  and  the  bile,  it  enters  into  that  state  in  wliich  a  part 
of  it  is  fit  to  be  absorbed  for  the  nourishment  and  support 
of  the  system,  the  remaining  portion  bemg  thrown  oat  as 
excrement. 

The  intestines  have  be^ti  divided  by  anatomists  into  the 
smaller  and  larger.  The  smdiler  intestines,  in  the  more  per- 
fect animals,  consist,  first,  of  the  duodenufo^  into  which  the 
food  passes  from  the  stomach,  and  receives  the  two  aecreted 
fluids  which  we  have  now  mentioned,  and  in  which  the  (ooA 
is  changed  into  two  parts,a  nutritive  and  a  useless.  This  part 
of  the  intestine  is  larger  in  its  dimensions  than  that  whidi  im- 
mediately follows,  and  which  is  termed  Xhejejumamj  from 
the  drcumstknce  of  its  empty  collapsed  appearance.  The 
remaining  portion,,  termed  tltum^  is  the  longest  and  most 
convoluted.  During  the  passage  of  the  food  through  the 
small  intestines,  the  chyle  is  separated  by  the  mouths  of 
the  absorbing  lacteals.     In  cirder  to  expose  the  food  to  a 
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greiter  surface,  and  aid  the  action  of  the  lacteah^  the  inner 
ooat  of  the  intettiae  is  villous,  and  likewise  covered  with 
various  rugae,  whidi  have  been  termed  vahndoe  conman- 
<ef.  The  viUi  possess  a  vascular  structure,  and,  when 
destitute  of  chyle,  have  been  compared  to  litde  loose  pen* 
duloua  bi^  It  is  this  villous  coat,  which,  when  tha«  is 
a  separation  of  the  intestines  into  large  and  small,  character- 
ise  the  latter.  In  the  duodenum  and  jejunum,  the  chyme 
aoqubnes  the  nature  of  chyle,  and  in  the  ilium  the  separation 
is  completely  effected  between  it  and  the  fieces.  These  last 
consist  of  the  useless  part  of  the  food,  coloured  by  the  union 
of  a  part  of  the  bile,  whidi  is  never  reabsorbed.  When  the 
lacteals  have  finished  the  absorbing  process,  the  fseoes  now 
leave  the  portion  of  the  intestine  destined  for  digestion,  and 
enter  the  hargjer  intestines,  whidi  are  storehouses,  in  which 
the  useless  part  of  the  food  is  placed  until  it  can  be  conve- 
niently evacuated.  The  larger  intestines  are  characterised 
by  their  superior  dimensions  and  strength,  but  more  par- 
ticularly by  the  absence  of  the  villous  coat 

The  larger  intestines  are  divided  into  three  parts,  the 
eoBCiun,  colon,  and  rectum.  The  upper  extremi^  of  the 
colon  is  dosed,  and  as  the  ilium  enters  laterally  and  a  little 
way  from  the  end,  the  head  of  the  colon  consequently 
forms  a  Uind  gut  or  coecum.  Sometimes  there  is  attached 
to  this  caput  coecum  coli,  another  tubular  appendage  closed 
at  its  free  extremity,  termed  appendix  vermtforfrm.  The 
orifice  of  the  ilium  where  it  enters  the  ccdon  is  furnished 
with  folds,  which  probably  regulate  the  quantity  of  matter 
discharged  into  the  colon,  and  prevent  regurgitation. 
These  folds  constitute  what  is  termed  valvula  coU.  When 
the  faeces  have  undergone  all  the  changes  which  are  neces- 
sary in  the  colon,  and  traversed  its  tortuous  cavity,  they 
enter  a  portion  of  the  intestine,  which,  from  the  strai^t- 
ncss  of  its  course,  is  termed  the  rectum,  which  opens  ex- 
ternally by  the  anus. 
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The  iflMt  8itff«o»  of  the  intaftOMs  k  hAm^^  hgi  • 
■UMom  wentiflD,  and  the  pNgran  of  tl»  cenlMtts  is  •»« 
ttempli  Ai  v1  by  the  opatrictioa  ot  Out  mmotthMr  €oel%  oeiBr 
•oaing  iriiat  is  temed  the  pmskMe  nmtiam  of  the  intoe. 


Duriii;  the  pesti^  of  the  ooDtcnts  of  the  iniwimiij  ^»» 
nous  geses  may  be  detected  in  diftscat  parts.  Qayjan, 
aaote,  and  hydrogen  appear,  togdher  with  carbotte  atod^ 
and  even  tiaoes  of  su^hur.  These  may  in  part  hedaiiv. 
ed  from  the  lur  swallowed  abng  with,  the  food,  and  firoai  the 
deeompoeition  of  the  drink ;  and  it  is  prabaUe  thai  the 
adien  of  the  bile  on  the  chyme  m^r,  in  eertnin  cassi,  aid 
dieir  production.  But  nether  the  eupcrimcate  of  Map- 
asKDiB  and  Chstbsvl  on  the  intestinal  gases  of  i 
dKise  of  VAtmusLin  on  the  elephant,  lead  to  any  i 
toty  results. 

The  general  view  of  |he  digestive  proeess,  and  ef  the 
organs  which  aie  empbyed,  which  has  now  h^sn  giweo,  is 
applicable  only  to  the  higher  orders  of  animak.  In  many 
qieoies  the  stomadi  is  mersly  a  bag  with  one  oiiioe,  serv- 
ing for  theentrance  andqection  of  die  food.  Her^aogas- 
trie,  pancreatic,  or  biliary  juiots  qipear  necenary.  In  other 
species,  the  alimentary  cMUil  is  open  at  both  its  eKtvcmitieB, 
but  exceeding  simple  throughout,  so  that  thoe  is  some 
difficult  in  distinguishing  between  the  stomach  and  intes- 
tines. In  aU  animals,  there  must  exist  digestivw  oigans, 
but  nature  here  exhibits  such  an  astonishing  variety  of 
ferms  and  structures,  as  to  baffle  all  attempts  at  generahxa- 
tton.  Very  remarkable  differenees  [Hrevail  in  stomachs  dcft. 
tmed  to  receive  the  same  kind  of  food,  and  a  striking  simi- 
larity  sometimes  prevails  between  stomadis  destined  to  re- 
ocive  diflSerent  kinds  of  food.  These  irr^fularities  will 
again  occupy  our  attention. 

Before  ccmduding  the  remarks  on  this  part  of  die  sufcjact, 
it  is  necessary  to  take  notice  of  some  parts  which  aiie  ] 


Digitized  by  CjOOQIC 


Bi&KniYB  BTMBM.  991 


I*0tMitd it kaingk.  iiiik  fiew  q)eei«%  bi^^vcry  il  is  ftt-^ 
vided  into  several  lobes.  Its  teatura  is  vmamkg^  oonsistiag 
^  m  g«Mt  asMttUa^B  of  bloodvtMsekH  umled  bjp «  soiall 
^[tuwtky  of  eeHukur  sohalancck  It  is  covtied  extemattx  by 
tke  pcriloiieiioi,  beneath  vhidi  tfaeie  is  amotber  int^^unent 
paaoliar  to  it,  wbieh  peoetrabes  it9  aubetaooe  along  with  the 
utasois;  The  aitaries  bgr  whidi  tbe  aplesB  is  supplied  with 
blood,  atfe^  hi  ganeraly  fanmches  fram  dicm  of  the  stomach  ;r 
aad  tbe  Tebs  in  wfaieh  these  tarminate^  ultimately  pour 
ikear  odMUts  ialo  the  liver.  Li  posiitiMs,  tbe  sfdeen  is^  in 
some  4mm,  oooneeted  with  tbe  sfoasacii;  m  otbers^  mom 
Mttaaatsiy  rebrted  to  tbe  liver,  but  united  to  both  by  mea^ 
<if  its  bloodvesftdk 

Tbe  use  of  thb  organ  in  the  animal  eeonowy  femaias  to 
be  risftirrsimul  Thoo^  burgisly  supftfed  with  Uoodvesseb^ 
it  hM  no  eicretory  duct^  a(M  is  its  vaseular,  rather  than 
giandtdar  tftruotiiie,  &vo<Brable  to  the  auppoaitioa  that  it  is 
a  seoeiing  organ*  Its  lymphatks  vessels  are  regarded  by 
some  as  **  nowiae  lemarkaUe  for  their  number  or  size  *;^ 
while  others  assert,  thai  they  ^^  are  both  larger  and  more 
iramcrous  than  in  any  other  organ  f." 

It  seens  to  be  generally  admitted,  that  the  blood  of  the 
ipleiik:  vein  is  more  fluid,  and  ooagulates  with  greater  diffi* 
euhy  than  the  blood  in  the  splenic  artery.  Therefore, 
some  change  must  have  taken  jdace  on  tbe  blood  in  the 
B|Aeen.  By  this  ehange,  the  blood  is  probably  prepared 
lor  the  use  of  the  hver,  to  which  it  flows.  When  the  spleen 
has  been  removed  from  a  dog,  the  cystic  bile  has  been 

•  MMrMenFW04,p^37. 

t  ilMiB'f  IjkL  tm  Camp.  Anat.  vol.  i.  p.  235. 
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found  pale  and  inert  These  heU  seem  to  arwianl  die 
fxmclusion,  that  the  spleen  is  subservient  to  the  functkos  of 
the  Uver,  and  pidbably  sup|dies  the  deficieni^  of  flind  which 
the  branches  of  the  vena  portamm  are  unafak  to  obtain 
fiom  the  abdominal  viscera. 

Sir  EvBRABD  HoMK  at  one  time  ooosidered  the  qdeen  as 
the  medium  by  which  fluids,  unneoessarj  for  the  process  of 
digestion,  were  conveyed  from  the  cardiac  portion  of  the 
stomach,  into  the  system,  or  into  the  urine  to  be  excreted* 
But,  m  subsequent  experiments  which  he  pwformed,  oo^ 
loured  fluids  injected  into  the  stomach,  reached  the  urioe» 
even  when  the  spleen  had  been  previously  extirpated,  and 
even  after  a  ligature  prevented  the  contents  of  the  thoracic 
duct  from  bong  poured  into  the  drcukling  system.  Al* 
though  he  adopted  diis  opinion  hastily,  with  a  praiseworthy 
candour  he  frankly  published  the  demonstration  <^  his  er- 
ror *.  I  have  said  hastily,  because  the  well  known  circum- 
stances  of  quadrupeds  which  do  not  drink,  possessing  a 
spleen  equal  in  size  to  those  which  swallow  large  quantities 
of  fluid,  and  the  attachment  of  this  organ  to  the  first  sto. 
mach  of  ruminating  quadrupeds,  into  which  the  drink  does 
not  enter,  fiimished  objections  of  great  weight. 

The  next  organ  in  connection  with  the  digestive  system, 
is  the  Periioneum.  This  membrane  lines  the  walla  of  the 
abdomen,  and  insinuates  itself  among  the  intestines,  fiotm* 
ing  various  duplicatures,  distinguished  by  appropriate 
names.  It  is  composed  of  cdlular  tissue,  and  contains  au* 
merous  bloodvessels  and  absorbents.  Its  fi^e  surface  is 
kept  constantly  moist  by  an  aqueous  exhalation.  It  varies 
in  thickness  and  tenacity  in  difierent  animals ;  and  although 
transparent  or  whitish  among  quadrupeds  and  Inrds,  is  found 
variously  coloured  in  reptiles  and  fishes.  Its  obvious  use 
is  to  protect  the  intestines  from  rubbing  agmnst  one  an- 

*  HoMi*e  Lect.  on  Comp.  Anat.  v<m.  i.  p.  SSI,— 24^ 
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other,  and  to  retain  them  in  their  proper  poeition.  For 
this  purpoae,  its  duplkatures  enclose  all  the  digestive  or- 
gans I  have  already  enumerated  ;  and,  from  their  peculiar 
position  and  contents,  appear  to  serve  some  other  end  in 
the  animal  economy. 

The  Omenhtm  is  the  most  remarkable  of  these  duplica^^ 
tures  or  processes,  and  belongs  only  to  the  mammalia.  It 
arises  iiom  the  peritimeal  covering  of  the  stomach,  and  forms 
a  bag  whidi  hangs  fnmi  the  stomach  and  liver,  the  other 
md  beii^  free  in  the  cavity  of  the  abdomen.  Where  it  is  in 
connection  with  the  liver,  it  has  been  termed  omentum  par- 
vum  or  hepcda-gastriewn.  The  walls  of  this  sac  are  re. 
markaUe  for  containing  £itty  bands,  disposed  in  a  reticu^ 
lated  form.  The  quantity  ^  fat  depends  on  the  condition 
of  the  animal.  It  appears  to  be  depouted  here  by  the  sys- 
tern,  as  a  storehouse  of  nourishment,  and  is  quickly  ab- 
sorbed when  food  is  scantSj  supplied.  The  omentum  like«> 
wise  protects  the  intestines  from  friction  against  the  walls 
of  the  abdomen ;  and,  according  to  some,  contributes  to  r&» 
tain  their  heat 

The  Mesentery ^  which  ex&ts  in  all  the  vertdl>ral  animals^ 
is  the  duplicature  of  peritoneum  which  invests  the  intesdnes, 
unites  them  to  one  another,  and  to  the  abdomen,  and  which 
serves  as  a  support  to  the  nerves,  vessels,  and  ^ands  which 
belong  to  them.  That  portion  which  is  more  intimately 
eonnected  with  the  smaller  intestines,  b  considered  more 
particularly  as  the  mesentery,  while  other  portions  receive 
pecufiar  appellations,  as  Mesocolon^  and  Mesorecktmf  from 
the  parts  of  the  large  guts  with  which  they  are  united. 

Although  the*  digestive  organs  furnish  important  and 
hi^y  useftd  diaracters,  in  the  discrimination  of  the  hdbita 
of  the  specaes  of  certain  genera,  they  can  seldom  be  em- 
ployed with  advantage  to  distinguish  any  divisions  of  a 
higher  kind. 
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CHAPTI»  XIIL 

CUVCUhATVM  «Y8T8tf . 

St  ttwans  of  the  digestive  ovgam,  the  food  is  miaaaAto  a 
pultaoeoiis  muB^  and  mixed  with  a  ywntiy  of  aeented.flmds. 
in  this  atale  it  is  denanniiated  d^me;  mad,  mhtAat  it 
•w«8  its  ongin  to  vegetitie  er  aiumid  tufastanoes,  «Khikit8» 
in  its  lastconditiciti,  a  chenuoal  coastitutioiiiiearly  appooach- 
ing  that  of  «ood,  into  whieh  it  is  deslaiad  to  be  ooo9«tad. 
In  this  stage  df  die  process,  however,  it  is  neeessaiy  to  eC 
ftot  a  separrttioii  belTween  that  portion  rf  -die  ehjaae  jMA 
as^fiitad^  the  Qse  of  the  system,  and  the  «dier  part,  wUdi 
is  cither  «apepAuous  or  usdess. 

in  giving  an  aeooimt  of  the  <»roaIatii^  aysfcera,  it  is  ae* 
cessary  that  we  attend  to  die  ^itate  of  the  hlood,  and  the 
fluids  whidi  enter  into  its  formation,  previoas  to  in  asr*. 
#ion ;  that  we  invesdgate  the  changes  whidi  it  «adeqgoes 
during  this  important  process;  and,  bstly,  consMar  the 
usasto  which  it  is  applied  in  what  is  ccmMdcred  its  most 
peiAct  state. 

The  irsBselsin  which  the  blood  is  ooBeeted  fm^eas  to 
aeration,  are  with  great  propriety  denominated  Ailmofiic, 
by  Dr  Bakolay^.  They  have  their  origin  in  eveiy  part 
wf  ithe  'body,  and  tenmnate  in  the  lungs,  <x  other  organs,  a 
«riiidiiaipbation  ispeilbraied. 

The  "vwwels  whidh  are  desdned  -td-abeeifr  tbe-niilrilioiis 
portionof  the  chyme,  in  die  higher  .ovdevs  ef  aimarii^  are 
tasmed  iLaKfsab,  -froaa  die  millqr  -appaaraaGe  of 'die  fluid 
a»Udi  they  ^oontaiB,  and  athUi  «  doMaaiaatad  0i0k. 
Wheat  fvessek  take  their  rise  tin  ^e  stUous  ooat  4if 'tbe'intaa. 

*  Anatomical  Nomciiciature,  p.  176, 
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tiMB,  in  the  fotm  of  extranriy  mimitte  vadkles,  ^ich  unit, 
tag,  form  Ae  tnniki  ia  ^  costs  of  the  mte^tineB.  Tb^m 
trmAa  JsHxrwerdB  fun  through  the  mesentery,  oocaeioMily 
become  viiich  cen^rohited,  and  tBaaat  gbodft,  liberally  mix- 
plied  with  bloodvemek)  and  iritunsteiy  tenniiuite  in  the 
7%3racic  Duct.  Thn  -duot,  the  commenoemetit  of  whidi 
is  uraaDy  termed  Mffsepkwuium  Chgli^  has  slender  walk, 
and  internal  vahes,  and  empties  its  contents  into  the  sub- 
clavian vein.  In  many  quadrupeds,  Inrds,  and  reptiles, 
there  are  two  ducts,  one  on  each  side ;  but  neither  die  size 
nor  proportioa  of  the  parts  appear  uniform,  eflpecially  in 
^knneBticated  ammals. 

Widi  regard  to  the  nature  of  the  diyle  itself,  litdeMitis- 
Ihctdry  information  has  been  obtamed.  When  procured 
ihnn  the  thoracic  duct  of  quadrupeds,  and  allowed  to  rest, 
a  coagulum  speedily  separates,  which  has  been  compared 
to  fibrin,  and  the  sefous  flind  which  remains  contains  a  con- 
sidemble  proportion  of  coagukble  albumen.  When  the  num- 
ber of  secreted  fluids  which  are  mixed  with  die  food  pre^ 
viotts  to  die  separatkn  of  the  chyle  is  considered,  we  need 
not  be  surprised  at  the  near  approach  which  it  makes  in 
^cMnpositidn  to  the  Uood,  mto  whidi  it  is  about  to  be  dran- 
ged.  But  does  it  undergo  no  diange  ftom  its  entrance  into 
the  kcteals,  at  the  villous  surface  of  die  intestine,  until  it  is 
poured  into  die  thoradc  duct  P 

Many  phydkAogists  are  disposed  to  connder  the  mesen- 
teric glands  as  destined  to  elBect  some  diange  in  die  nature 
of  the  chyle^  during  the  passage  of  the  lacteals  dirougfa 
tfaeUi.  This  opinion  has  been  supposed  to  receive  cohm* 
derabte  support  from  the  ohselrvdtions  of  Mr  Aaxii«£TttY 
^  on  some  pa^cnkrs  in  the  Asmtomy  of  a  WhaleO  fie 
ibund  the  mesenteric  gknds  forming  bags,  on  die  inner 
%i    I >   ■'     •  ■■■        ■  ■    I  *\u* — ' ■  ■      -    - —       I 

*  PUL  TnuM.  ToL  Ixzxvi,  p^  Yt. 
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surface  of  which,  numerous  arteries  t^nniiiated,  and  veins 
(Hrigmated.  The  orifices  of  these  last  were  open.  While 
some  of  the  lacteals  terminated  in  these  bags  by  numenHis 
orifices ;  others  formed  merely  a  plexus  on  their  walk,  and 
passed  on  with  th^r  contents  to  the  thoracic  duct  What 
becomes  of  the  chyle  after  it  enters  the  bag?  To  this 
question  there  is  no  satisfactory  answer  given,  although  it 
appears  probable  that,  it  passes  directly  into  the  surround- 
ing open  mouths  of  the  veins. 

Besides  the  lacteals,  there  is  another  class  of  absorbents, 
termed  L^phaHcs^  whose  contamed  fluid  is  a  tranq)ara3t 
lymph.  The  office  of  these  vessels  is  to  collect  the  super- 
fluous fluids  from  every  part  of  the  body,  and  to  bring 
them  back  again  to  the  general  drculation,  either  to  be  re- 
novated, or  thrown  out  of  the  system  as  useless.  Hence  it 
is  that  the  lymphatics  take  their  rise  in  the  skin,  in  the 
mucous  web  immediately  underneath  the  cuticle,  in  the  in- 
teguments of  all  the  viscera,  or  wherever  there  is  a  part 
subject  to  increase  and  diminution  during  life.  The  radi- 
cles of  the  lymphatics  unite  into  trunks,  which  are  furnish- 
ed with  valves.  They  frequently  anastomose,  and  eater 
conglobate  glands.  They  either  empty  thdr  contents  into 
the  thoracic  duct,  or  pass  on  to  one  of  the  subclavian  veins, 
in  which  they  terminate. 

Mr  Abkrnethy,  in  the  paper  quoted  above,  has  found 
reason  to  conclude,  that  some  of  the  conglobate  glands  of 
the  lymphatics  of  the  horse  are  mere  bags ;  while  others  ap- 
pear to  have  a  cellular  structure.  These  glands  are  libe. 
rally  supplied  with  arteries  and  veins.  The  effects  which 
they  produce  upon  the  lymph  have  not  been  determined, 
although  it  is  probable  they  are  similar  to  those  of  the 
mesenteric  glands.  Mr  Bbacy  Clark  has  found  the  trunk 
of  the  lymphatic  system  of  the  horse  to  have  several  open, 
ings  into  the  lumbar  veins. 


Digitized  by  CjOOQ IC 


CIRCULATING  SYSTEM.  SS7 

The  structure  of  the  lacteal  and  lymphatic  vesaek  is  si- 
milar.    They  are  composed  of  two  coats,  an  internal  and 
external,  the  fcmner  being  thin  and  smooth,  the  latter  fibrouf^. 
The  extent  of  the  absorbing  power,  however,  is  not  the  same 
in  both.     The  lacteals  appear  to  be  incapable  of  absorlnng 
any  thing  else  but  chyle    M.  Magcndi  *,  administered  to 
a  dog  diluted  alcohol  during  digestion ;  and,  although  he 
was  able  to  detect  its  presence  in  the  blood,  yet  in  tlie  chyle 
no  traces  of  it  could  be  perceived.    The  experiments  of  Sir 
£.  Home,  already  quoted,  and  which  have  been  repeated 
by  M.  MAGEMDi-f,  (in  reference  to  the  use  of  the  spleen,) 
lead  to  the  same  results.    The  absorbing  power  of  the  Ijrm- 
phages  is  not  so  limited.     Dispersed  throughout  the  whole 
body,  and  destined  to  absorb  occasionally  eveiy  substance 
of  which  it  consists,— fat,  bone,  the  watery  part  of  the  bile, 
urine,  and  faeces,  when  too  long  retained, — they  are  hke- 
wise  capable  of  taking  up  a  variety  of  foreign  substances, 
when  brought  into  contact  with  the  orifices  of  their  roots. 
It  is  owing  to  the  action  of  the  lymphatics,  that  alcohol, 
camphor,  rhubarb,  and  a  variety  of  other  substances  thrown 
into  the  stomach,  which  che  lacteals  do  not  absorb,  and 
different  substances  rubbed  on  the  skin,  are  conveyed  into 
the  system.     Attempts  have  been  made  to  establish  the 
opinion,  that  absorption  of  foreign  matter  takes  place  inde* 
pendent  of  either  lacteals  or  lymphatics,  since  the  blood 
exhibits  proofs  of  the  entrance  of  such  into  the  system,  which 
are  not  afforded  by  the  contents  of  the  thoradc  duct.     But 
the  connection  which  has  been  pointed  out  between  the  lac- 
teal and  lymphatic  vessels  and  the  veins,  independent  of 
the  thoracic  duct,  throws  a  considerable  degree  of  doubt 
over  the  supposition. 

The  hicteals  and  lymphatics  have  been  long  known  as  the 
absorbents  ^n  the  mammalia.     Hunter,  Hewson,  and 

*  Prida  Biementaira  de  Ph^logie,  voL  iL  p.  168.  f  lUd.  p.  199, 

VOL.  I.  Y 


•    Digitized  by  CjOOQ IC 


SS8  FHILOSOPHY  Or\ZOOLOGY. 

MoNKO)  suooeeded  in  demonrtwrting  their  exifltcaee  in  birds,, 
reptiles,  and  fishes.  Pismous  to  these  disooveries,  the  TdBs- 
were  supposed  to  perform  the  office  of  abanrbeBts.  In  biids 
the  chyle  is  transparent ;  so  that  the  husteals  can  only  be 
disUngaisbed  fiom  the  lymidiaticB  by  thor  origin  and  flC> 
fice.  There  are  no  mesenteric  glanda.  The  lymphalks^ 
however,  possess  numerous  conglobate  glands.  The  tho- 
aacic  duct  terminates  in  two  branches.  In  reptiles,  the 
tlv)racie  duct  b  double  as  in  birds,  but  neither  the  laeteab 
nor  lymphatics  appear  to  possess  any  glands.  In  the  tur- 
tle these  systems  frequently  unite^  by  anaslomoai^ 
branches.  In  the  crocodile^  according  to  Hswson,  the 
diyle  is  white.  In  fishes,  the  absorbing  system  is  equally 
simple  as  in  reptiles ;  but  the  vessds  have  no  valves.  In 
the  lower  animals,  as  the  moUusca  and  annulosa,  the  exist- 
ence of  lacteals  or  lymphatics  has  not  be^  demonstrated. 
The  v«ns  are  considered  as- officiating  in  their  stead. 

Jleades  the  lacteals  and  lymphatics  which  we  have  now 
been  eonmdering,.  there  ia  another  class  of  vessds,  termed 
VniKS,  by  means  of  which  the  pulmonic  system  completes 
its  operations.  These  veins  are  connected  by  thor  radides, 
with  the  ^Ltremities  of  the  arteries,  and  prc^Mfaly  also  with 
the  lymphatics.  These  radicles,  by  their  union,  fonn 
branches,  which  frequently  anastomose.  In  the  mammalia 
these  branches  unite  into  two  trunks,,  termed  venm  caomy 
and  are  either  wptfior  or  imferiorj  according  as  they  coU 
lect  the  blood  from  the  adomialai  sacral extreouties. 

The  structure  of  the  vms  has  been  invest%ated  cfaieiy^ 
in  the  larger  stems.  The  walls  consist  of  three  coats.  The 
external  one  is  ccnnposed  of  a  dense  cellular  substance.  The 
middle  one  is  muscular,  and  consists  of  fibres,  interwoven  im 
all  directions.  The  internal  covering  is  very  thin  and  smootlv 
on  its  central  surface.  Imrfiiimes,  in  many  places^  thefcna 
ef  loose  folds,,  which  act  the  part  of  valves,,  in  preventing  th*- 
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reCrognule  motion  of  the  blood*  This  iniier  coat  is  found  in 
all  the  veina;  but  the  external  ones  cannot  be  detected, 
where  the  yesaels  penetrate  bone,  or  are  otherwise  protected. 

In  many  animab,  the  blood  ^>pear8  to  be  oonyejed  di- 
rectly to  the  aeradng  oi^gans^  by  means  of  the  veins,  with- 
out the  intervention  of  any  other  apparatus.  In  other 
cases,  especially  among  the  higher  classes  of  animals,  it  has 
to  pass  through  a  muscular  enlargement  or  bag,  termed  the 
HSAftT,  by  wluch  its  motion  is  accelerated. 

The  heart  is  inclosed  in  a  membranaceous  sac,  termed 
the  Pericardium^  of  dimensions  somewhat  larger  than  its 
greatest  expansionB.  In  the  walls  of  this  sac,  fibres,  pass- 
ing in  different  directions,  may  be  readily  perceived.  It  is 
kept  mcNst  internally,  by  a  serous  fluid,  eonassting  chiefly 
of  water,  with  a  little  albumen,  mucus,  and  muriate  of 
soda 

In  the  mammalia  and  birds,  the  heart  consists  cf  four  ca- 
vities. Two  of  these  are  connected  with  the  pulmonic,  and 
two  with  the  systemic  vessels.  With  the  former  our  atten- 
ticm  is  at  present  occupied.  The  reim  cav»  empty  their 
contents  into  what  is  termed  the  Puhmmie  Auride;  or,  m 
reference  to  its  position  in  man,  the  Ri^  Jurick.  Tba 
blood  passes  directly  from  the  auricle,  by  a  valvular  orifice, 
into  the  pulmonic  or  r^t  ventricle,  and  from  thence  by  a 
vessel  termed  the  Pulmonmy  Artery^  to  the  aerating  organs. 
Hie  structure  of  the  auricle 'and  ventricle  exhibita  a  dense 
muscular  substance,  consisting  of  fibres  intimatdy  interwo- 
ven, and  liberally  supplied  by  UoodvesseU  and  nerves,  lined 
with  a  smooth  membrane  Hence  we  may  regard  the  heart 
merely  as  an  enlargement  of  the  veins,  and  its  walls  endow- 
ed with  corresponding  strength  by  the  increase  of  the  thick- 
ness  dt  the  muscular  coat  The  walls  of  the  auricle  are 
muciitbiiuifrtfaanthottoftheveMtiiele.  Tkefcnnerbag 
has  merely  to  convey  the  blood  to  the  ventride;  while  this 
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kit,  by  a  oontnctile  movement,  propeb  it  at  intervab 
throu^  the  pulmonic  artery,  to  ito  remotest  subdivinona. 
When  the  amricle  relaxes,  it  receives  the  blood  from  the 
venae  G»ve ;  and,  when  it  ooutracts,  the  ventrick  relaxes  to 
reoeive  its  contents.  When  the  ventricle  contracts,  tlie 
Uood  i»  thrown  into  the  artery,  and  suddenly  enlarges  it» 
dimenoons.  These  motions,  which  are  sensible  to  the  eye 
and  touch,  have  been  denominated  the  Pulsation,  or  beat- 
ing ot*  the  heart  and  arteries;  those  vessels  bong  termed  Ar- 
teries into  which  the  ventricles  discbarge  themselves. 

The  number  of  pulsations  of  the  heart,,  in  a  given  time, 
varies  according  to  the  species,  and  in  the  same  individual, 
according  to  circumstances  connected  with  food,  exerose, 
or  the  state  of  the  mmd*  The  same  individual,  likewise,  ex- 
hilnta  remarkable  variations  in  this  respect,  according  to  age*. 
Climate,  likewise,  is  supposed  to  exercise  a  omaderaUe 
in^uoice  on  the  frequency  of  the  pulsations,  their  number 
h&xkg  greatest  in  warm  climate& 

Before  prcweeding  to  oonsider  the  aeration  of  the  Uood^ 
it  is  necessary  to  make  some  inquiry  into  its  meAanieat 
simdure^  and  chemical  constitution.  When  blood,  newly 
taken  from  an  animal,  is  sufficiently  diluted,  and  placed  on 
the  stage  of  the  microscope,  it  ia  observed  to  consist  of  a 

*  Bluiuhbacb  foand  the  poliatioiiB  of  the  hMit  of  a  new  boni 
while  placidly  aleepiiig,  amoant  to  140  in  a  minute. 

Towardi  the  end  of  the  iint  year,  abont  1S4 
■econd         '        110 


-  third  and  Swirth,  9^ 
When  the  6m  teeth  begin  to  drop  ont,  8<^ 
At  pubei^y  -  .  .  so 

At  manhood,  ...         75 

About  sixty,  .  .  .  eo 

In  thoee  Aon  advanced,  acmsely  two  wen  fcond  aUlmr-The  ludtationft 

efPhytiolocy,  p.  56. 
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traiwparenU  nearly  <)Glourle8B  fluid,  surrounding  particles 
•of  a  denser  substance,  and  higUy  coloured.  The  envelop, 
ing  fluid  is  called  Senmy  and  the  bodies  which  «re  sus- 
pended in  it  the  Particles^  or  CHobules  of  the  blood. 

A  great  diflerence  of  qHnion  has  prevukd  among  natu- 
ralists, with  r^ard  to  the  form  and  structure  of  the  coloured 
-particles  of  the  blood.  Although  making  use  of  the  same 
Jund  of  instrument,  and  professing  to  abide  by  the  evidence 
of  the  senses,  thar  statements  exhibit  very  remarkable  difle- 
•rences.  Adams  consid^ved  ^hem  as  mnified,  and  resembling 
the  branches  -of  a  tree  *.  Father  D<  Tobrs,  with  a  s[^eri. 
cal  lens,  which  magnified  £1S  diameters,  rq;arded  them  as 
oblate  sphennds,  much  >compre8sed,  with  the  middle -part 
much  darker  than  the  margin.  With  a  magnifying  power 
of  11960  diameters,  he  considered  them  as  perforated  in  the 
<ientre,  and  the  surrounding  ring  as  composed  of  jmnts  from 
two  to  seven  in  number -f.  This  jointed  annular  structure 
had  been  remarked  half  a  century  before,  by  LsKtrsM^ 
-HOKS,  and  a  figure  of  the  appearance  given  {.  Hbwson, 
who  iqppears  to  have  conducted  his  observations  with  cau- 
tion, and  used  lenses  which  magnified  the  diamefe^  of  ob- 
jects from  184  to  1280  times,  conndered  the  particles  of 
blood  to  be  *<  as  flat  as  a  guinea."^  The  dark  spot  in  the 
middle,  which  other  observers  had  perceived,  he  considered 
*^  as  a  solid  particle  contained  in  a  flat  vesicle,  whose  mid- 


*  **  Human  blood  is  so  to  from  shewing  any.  Red  Glebules  swimming 
in  Senun,  that  immediately  ailer  its  Emission,  it  appears  to  be  a  Body  of 
infinite  Branches,  running  in  bo  certain  orier,  vaiiousfy  cdomcd :  where  ft 
Uee  thieicest  on  the  glass,  it's  of  a  Red,  where  thin,  incUning  to  Yellowy  but 
the  whole  so  blended,  as  to  repvceent,  ▼ciy  near,  the  lop  of  a  Yew-tiea  in  a 
very  fine  landskip,  having  iu  supposed  Branches  of  ^  Aed  and  Yellow  con- 
Aisedly  intermixt.'*— PhiU  Trans.  voL  zxvii  p.  26. 

t  Phy.  Tians,  voL  Iv.  p.  955. 

;  Opera  Omnia,  vol.  iii.  p.  2?  1.  fig.  4.  I,  K. 
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dk  only  it  filk,  and  whose  edges  are  boUow,  and 
empty,  or  filled  with  a  subdle  fluid  V  The  fonn  cxf  tfae 
partides  in  sooie  animals,  he  fbund  to  be  oval,  as  Lksobv- 
■o£K  had  previously  observed,  and  in  others  ciieular. 
YoeMO  adfloits,  that  **  Oaea  axis  is  iwrnrthnes  not  more 
than  one^hird  or  one-fiiurth  of  their  greatest  diameter,"" 
a«d  that  they  resemble  a  soft  substance  with  a  denser  nu- 
cleus, not  altogether  unlike  the  crystalline  kns,  together 
with  the  vitreous  humoiir,  as  seen  from  behind  f  .^  Auici 
has  found  them  of  two  kinds,  both  with  angular  maigios; 
but^  in  the  one,  the  centre  is  depressed  on  both  sides;  while, 
in  the  other,  it  is  elevated  j. 

Independent  of  these  discrepancies  in  the  results  of  dtf- 
fiei^ent  observers,  it  appears  to  be  the  general  opinion  at  pre- 
sent, that  the  particles  of  the  blood  oonsist  of  a  dens^  nu- 
fiktts,  surrounded  by  a  film  of  matter  of  less  ooniatfpncp ; 
and  that  the  particles  of  the  blood  <^  some  animals,  as  man, 
are  circular ;  while,  in  others,  as  the  skate,  they  are  oval  y. 

The  rixe  of  these  partides  of  the  blood  has  not  been  aa>- 
tisfactorily  determined,  as  considerable  difference  prevails 
in  the  result  of  their  measurement,  even  when  the  Uood  of 
the  same  animal  has  been  subjected  to  the  micrometer  by 
different  observers.  The  measurements  of  Kateb,  Wol- 
tASToy,  Youif  o,  and  Baosh,  give  the  diameter  of  each  paro- 
tide a  range  from  xT^^s^tb  part  of  an  inch,  to  Y^^'ooth.  From 
the  testimony  of  several  observers,  it  appears,  that,  in  the 
same  blood,  the  partides  are  not  all  of  equal  size,  and  that 
the  partides  of  the  blood  of  different  animals  exhibit  diffe- 
rent magnitudes.    In  this  last  case,  there  is  no  proportion 

.    '^  —        . 

•  PhIL  Tnuis.  «€L  brili  p.  810. 
t  Annals  of  PhfloKiphr,  toL  fi.  p.  lie. 
X  Bdin.  Med.  and  Snig.  Jaiim*  voL  xv.  pb  ISO. 
n  Mr  Hbwiov  hat  givan  Sgurei  of  tha  paitidfls  oT  tha  Uood  in  a  variety 
of  dtftecat  animalt,  in  Phfl.  Tranii  Ixiii.  tab.  xu. 
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tiboerved  faetween  the  aize  of  these  particles,  and  that  of  the 
body  6f  the  anhnaL  The  partides  uS  human  blood  axe 
lai^  than  those  of  the  ox;  while  those  of  the  ox  are  only 
'equal  to  those  of  the  mouse.  Age  appears  to  exorcise  some 
influence  on  their  sice.  Mr  Hswsok  found  in  a  chickeii, 
on  the  axth  day  of  incubation,  the  particles  larger  than  in 
a  full  grown  ben;  and  also  larger  in  tlie  blood  of  a  very 
young  viper  than  in  that  of  its  mother,  out  of  whose  belly 
it  was  taken.  He  could  not,  however,  detect  any  di&rence 
in  size  between  those  of  a  child  at  its  birth,  and  those  of  an 
adult  person  '*, 

Every  one  is  acquiunted  with  the  red  4x>lour  of  the  blood 
«f  the  vertehal  animals.  The  colouring  matter  is  not  equal- 
ly diffused,  but  adheres  to  the  particles,  which  it  surrounds 
with  a  thin  film.  Mr  Baubr  found  an  entire  particle  to  be 
ii^^th  part  of  an  inch  in  diameter,  but  when  deprived  of 
its  colouring  matter,  only  go^o^th  parU  While  the  blood  of 
some  animals,  as  all  the  vertebnisa,  is  uniformly  of  a  red  co- 
lour ;  in  many  other  animals  it  exhibits  a  different  shade. 
Among  the  cnistaceous  imimals,  as  the  lobster  and  shrimp, 
it  is  vitiiU^  while,  among  some  insects,  as  the  grasshopper 
and  white  caterpUlar,  it  is  green  f. 

When  Uood,  newly  drawn  from  an  animal,  is  allowed  to 
i^est,  it  thickens,  and  spontaneously  separates  into  two  parts, 
a  pale  coloured  fluid  termed  Serum,  and  a  denser  coagu- 
lum,  termed  Clo^  Cntor^  or  CrassamcniunL  The  serum 
is  the  fluid  basis  of  the  blood ;  the  eloi  is  formed  from  the 
floating  particles;  and  hence  the  diflerence  of  colour  and 
consistence  exhibited  by  the  two  portions. 

During  the  act  of  coagulation,  a  sensible  quantity  of  heat 
is  evolved,  amounting  to  alxxit  6''  Fahr.     Tliis  appars 


•  PhU.  Trans.  voL  Uiti.  p.  SSI. 

t  IIewboh,  Phil.  Tnns.  vol.  Ixiii.  p.  321. 
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to  have  been  first  stated  by  Fouecmoy,  and  afterwards  es- 
tablished  by  the  author  of  the  artide  Blood,  in  Rex^s  Cy- 
clopeedia,  and  by  the  late  Dr  GoanoN  of  Edinbur^  ^. 

Previous  to  ooagulaUon,  if  the  atmospheric  pressure  be 
removed  frmn  the  blood  in  an  air-pump,  a  oniflderaUe 
quantity  of  air  bubbles  is  disengaged,  as  was  first  ckariy 
established  by  the  experiment  of  Dabwin  j-.  Vogel  deter- 
mined this  air  to  be  carbonic  acid  J;  and  Bbandb  found  that 
two  cubic  inches  were  disengaged  from  every  ounce  of 
blood,  and  that  the  quantity  was  the  same  in  arterial  and 
venous  blood  ||.  Even  during  spontaneous  coagulation, 
Mr  Bauer  found  the  blood,  when  confined  in  a  glass  tube, 
to  give  out  a  considerable  quantity  of  carbonic  acid  {.  It 
appears,  likewise,  from  his  observaticms,  in  company  with 
Sir  EvERABD  Home,  that  when  a  drop  of  blood  is  placed 
on  a  watch-glass,  in  the  field  of  a  microsoqie,  the  following 
changes  may  be  perceived.  *^  The  first  thing,^  (he  says,) 
^'  that  happened,  was  the  formation  of  a  film  on  the  suriaoe, 
that  part  be^nning  to  coagulate  sooner  than  the  rest  In 
about  five  minutes,  something  was  seen  to  be  disengaged 
in  difierent  parts  of  the  coagulum,  beginning  to  shew  itself 
where  the  greatest  number  of  globules  were  oidlected ;  and, 
from  thence,  passing  in  every  direction,  with  considerable 
rapidity,  through  the  serum,  but  not  at  all  interfering  with 
the  globules  themselves,  which  had  all  discharged  their  co- 
louring matter ;  wherever  diis  extricated  matter  was  carried, 
a  net*work  immediately  formed,  anastomosing  with  itself,  on 
every  side,  through  every  part  of  the  coagulum  ^."^ 

Are  we  to  conclude  from  these  statements,  that  carbonic 
acid  exists  in  a  gaseous  state  in  the  blood  ?     The  expcri- 


•  Annslt  of  Phil.  vol.  iv.  p.  130.  t  Wul.  Traiw.  17T4,  p.  3i4w 

t  Annals  of  PhiL  vol.  vii.  p.  56,  ||  PhiL  Tnnf.  IS]  8,  p.  181. 

^  JbM*  f  Ibii  p.  18«. 
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ments  of  Dak  win,  already  alluded  to»  demonstrate,  that 
there  is  no  air  in  the  Uood  while  confined  in  the  proper 
vessds,  and  render  it  probable  that  the  air  which  appears, 
when  the  blood  is  placed  under  the  exhausted  receiver  of  an 
air*pump,  has  been  mixed  with  the  blood  upon  leaving  the 
vessels  and  passing  through  the  atmosphere  *. 

Chemical  ConsHiuii^m.'^The  serum  from  which  the  clot 
has  been  removed,  is  more  fluid  than  the  blood  itself,  but 
retains  its  taste  and  amelL  It  is  sli^tly  alkaline,  and  con- 
sequently renders  vegetable  blues  green*  When  heated  to 
the  temperature  of  ahout  160^,  it  coagulates,  and  if  this  coa- 
gulum  be  cut  into  thin  slices,  a  fluid  oozes  out,  which  is  term- 
ed Serorihf.  The  ooagulum  has  all  the  properties  of  coa^- 
gulated  albumen.  The  serosity  still  contains  a  considerable 
portion  of  albumen,  whose  properties  are  much  modified  by 
the  salts  with  which  it  is  combined.  The  following  are  the 
contents  of  the  serum,  as  stated  by  diflerent  chemists  :-— 

Makost.  BntsBuot. 

Watflr,                                                        Mao  90&0 

Albumen,                  -                  •                   S&S  90.0 

Muriate  of  potash  and  soda,          -          -        6.6  6.0 
Subcarbonate  of  soda,         ...         1.65 
Sulphate  of  potash,          -          -          -          0.36 
Earthy  phosphate,                             •              a60 

Lactate  of  soda  united  with  animal  matter,  4.0 

Soda,  phosphate  of  soda,  and  a  little  animal  matter,  4.1 


*  The  following,  among  many  of  his  experiments,  may  be  quoted ; — 
**  A  part  of  the  jugular  vein  of  a  sheep,  with  the  blood  in  it,  was  included 
between  two  strict  ligatures,  during  the  anlmal*s  being  alive ;  and,  being  cut 
out  with  the  ligatures,  was  immediately  put  into  a  glass  of  warm  water,  and 
placed  in  the  lecdver  of  an  air-pump.  It  sunk  to  the  bottom  of  die  water,  and 
would  not  rise  when  the  air  was  diligenUy  exhausted.  It  was  then  wiped 
dry,  and  laid  on  tlie  brass  ioor  of  the  receiver,  and  the  air  again  exhausted  ; 
but  there  was  not  tlie  least  visible  expansion  of  the  vein,  or  its  contents.**— 
PUL  Trans.  1774,  p.  345.  Similar  experiments,  with  the  same  nstilts, 
were  repeated  on  the  bkiod  in  the  vena  cava  inforior  of  a  large  swine. 
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When  the  coagulated  flenim  ia  heated  in  a  mlver  ^esMl, 
the  surface  of  the  metal  is  blackened,  bong  converted  ibCd 
sulphuret  This  is  the  proof  brought  Ibrwanl,  that  the 
aerum  contains  sulphur ;  but  the  previous  dewwrntfintion  of 
the  existence  of  albumen  rendered  it  unnecessary,  sbwe 
into  that  substance  sulphur  appears  to  enter  as  aa  ii^iie- 
dient  of  its  constitution. 

Cloi.'^The  dot,  or  crassamentum,  aa  we  have  abeady 
stated,  connsts  of  the  coloured  particles  whkh  weoe  sus- 
pended in  the  serumt  and  with  mbkh  a  portion  is  still  m^ 
chanically  mixed.  If  upon  the  dot,  (in  a  great  measure 
freed  from  the  aerum,  by  cutting  it  into  thin  slices,  and 
pressing  it  upon  blotting  paper,)  cold  water  be  poured,  the 
cdouring  matter  is  removed,  and  the  portion  windi  re- 
mains eidiibits  the  properties  of  fibrin. 

The  colouring  matter  b  not  dissolved  by  the  water,  but 
merely  mechanically  suspended,  and  gradually  subsides 
when  allowed  to  rest  When  thus  mechanically  diffused, 
the  colouring  matter  coagulates  by  heat,  and  mi^  readily 
be  obtained  upon  a  filter.  This  matter  appears  to  be  a 
substance  intermediate  between  fibrin  and  coagulated  albu- 
men,  but  disdnguishable  from  both,  by  the  colour  which  it 
retains,  and  the  salts  which  it  yields  by  incinenUion  *. 

Lemebt,  and  several  of  the  earlier  chemiflta,  discovered 
iron  in  the  blood.  Sage  and  Gkeen  considered  that  it 
existed  in  combination  with  phosphoric  acid.     Fol'bceoy 

*  Bsmsuim  ftmnd  that  400  gnuu  of  cokmring  matter,  when  bamt, 
jklded  S  gnins  of  ashef,  oompaied  of 

Osidfloriroa,  50.0 

Sab-phoiphate  of  iron,                               .              .  7.5 

Phoapbate  of  lime,  with  a  ainaU  quantity  of  niagnesia,  6.0 

PomUma,               ....  sao 

Orbonie  add,  and  lois,                 -  laS 

loao. 

AnnalaofPfaiL  v«Lii.pw  197. 
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aod  VAiKiOjaiK  Rfpunled  it  m  the  stete  of  a  8ub-pliDs^^ 
and  88  giving  ocdour  tp  red  Mood.  This  opinion  was,  &r 
a  ocmsideiable  time,  eenrildy  embiaoed  by  chemisUt  but  is 
now  as  generally  abandcmed.  It  was  fi»t  successfully  at- 
tacked  by  Dr  Wjclls,  in  his  <*  Obsarvodons  and  Experi- 
ments on  the  Colour  of  Blood  *.^  Subsequent  experiment, 
ers  have  fully  confirmed  his  views,  particularly  Bkece- 
uusf,  BmANOEi  and  latterly  VAuausLiyj,  and  have 
gKatly  extended  our  knowledge  of  the  halntudes  of  this 
substance  with  adds  and  alkalis.  Mr  Branoe  has  even 
succeeded  in  dying  doth  with  it,  but  he  found  consider- 
able difficulty  in  fixing  the  colour.  The  most  eflTectual 
mordants  he  discovered,  were  the  nitrate  and  oxymuriate 
of  mercury  §.  No  experiments  have  hitherto  been  per. 
formed  on  the  cdouring  matter,  or  nM^airical  or  cbanical 


*  Ab  his  remarks  have  not  attracted  the  attantion  they  desenre,  I  shall 
here  state  bis  arguments  In  his  own  words  ;— 

<*  1.  I  know  of  no  colonry  arising  from  a  metal,  which  can  be  penna- 
WBoOf  dsstniyed  by  exposing  its  subject,  in  a  doae  vessel,  to  a  heat  less  than 
bofilag  water.    Bat  thia  happens  with  raspect  to  the  colosr  of  the  blood. 

«*  Si  If  the  colour  fhim  a  metal,  in  any  substance,  be  destniyed  by  an  al« 
kali,  it  may  be  restored  by  the  immediate  addition  of  an  add ;  and  the  like 
will  happen  from  the  addition  of  a  proper  quantity  of  alkali,  if  the  odour 
has  been  destroyed  by  an  add.  The  colour  of  the  blood,  on  the  contaraiy, 
when  once  destroyed,  eitlier  1^  an  add  or  an  alkali,  can  never  be  taroegfat 
back. 

«*  3.  If  iron  be  the  cause  of  the  red  colour  in  Uood,  it  must  exist  there 
in  a  saline  state,  since  the  red  matter  is  soluble  in  water.  The  substances, 
thercftire,  which  detect  almost  the  ondlest  quantity  of  Iran  in  such  a  state, 
ooglit  likewise  to  doBonsinte  its  pnaenca  in  Uood;  hot,  upon  adding  Prus* 
sino  alkali,  and  an  inflidon  of  galls,  to  a  vcvy  satuntte  sdutaoo  of  the  red 
matter,  I  could  not  observe,  in  the  former  case,  the  slighfest  blue  preripi- 
tate;  or,  in  the  Utter,  that  the  mixture  had  acquired  the  least  blue  or  pur- 
ple tint.**— PhiL  Trans.  voU  Ixzxvii,  p.  4t9, 
'  t  Amialsof  PMU  voLiL  p^  84  t  lb.  vol.  vii.  p.  S80. 

§  PhiU  Trans.  IDS,  p.  110. 
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eoDstitutioD  of  the  white  blood  ot  the  inferior  animals.  In 
nearly  all  the  experiments  which  have  been  performed  on 
the  blood,  that  fluid  has  been  obtained  from  man,  or  the 
more  common  domestic  quadrupeds. 

We  come  now  to  consider  the  dianges  produced  on  die 
Uood  bj  the  aeroHng  organs. 

We  have  already  stated  the  necessity  of  a  constant  sup- 
ply of  atmospheric  air  to  the  continuance  of  the  life  of  or- 
ganised beings.  We  are  here  to  consider  this  supply  in 
connection  inth  the  circulaljqn  of  the  vital  fluid. 

The  aerating  organs  of  animals  may  be  divided  into  two 
kinds,  Lungs  (Pulmones),  and  OiBs  (Bronchifle),  both  des- 
tined to  accomplish  the  same  end.  The  lungs  are  suited 
for  bringing  free  air  into  contact  with  the  blood,  and  there* 
fore  belong  to  those  animals  which  have  their  residence  on 
the  land.  The  gills  are  calculated  to  separate  air  from  wa- 
ter,  with  which  it  is  idways  united,  and  bring  it  in  contact 
with  the  blood,  and  belong  therefore  to  those  animals  which 
reside  in  the  sea  or  in  fresh  water.  It  is  to  be  observed, 
however,  that  many  animals  which  resde  in  the  water,.breathe 
by  means  of  lungs,  and  are  obliged,  at  intervals,  to  come 
to  the  surface  to  respire,  such  as  whales;  but  there  are 
no  aniniAlft  which  reside  on  the  land  and  are  furnished 
with  gills  which  are  obliged  to  return  to  the  water  to  re- 
spire. 

Whether  the  aerating  organs  be  lungs  or  gills,  it  appears 
to  be  the  object  of  nature  in  their  construction  to  expose  a 
large  surface  to  the  contact  of  the  air.  This  object  is  ac- 
complished by  dieir  division  into  numerous  cells  smd  leaf- 
Mke  processes,  or  by  their  extension  on  the  walls  of  cavities, 
or  the  surface  of  pectinated  ridges.  The  blood  brought 
to  these  organs  by  the  pulmonic  vessels,  is  there  distribu- 
ted  by  their  terminating  branches.  Although  still  retained 
in  vessels,  it  can  nevertheless  be  easily  acted  upon  by  the 
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air  on  the  exterior.  Paisstlsy  found  the  ooloor  of  Mood 
changed  by  the  air,  when  encloeed  in  a  moistened  bfaulder, 
and  the  same  effect  was  observed  bj  Hvnteb,  when  it  was 
covered  with  goldbeaters'  skin.  Need  we  be  surprised, 
then,  at  the  air  having  the  necessary  access  to  the  blood  in 
the  lungs  or  gilky  nnoe  these  organs  have  been  constructed 
for  the  particular  purpose  ? 

In  those  animals  which  possess  cellular  lungs,  and  which 
belong  chiefly  to  quadrupeds  and  birds,  the  air  is  convey* 
ed  to  them  by  means  of  a  tube,  termed  the  Windpipe, 
Tradiea  or  Aqpera  arteria.  This  tube  is  composed  of  an- 
nular cartilages,  united  by  a  ligamentous  elastic  substance. 
On  its  peripheral  sarfaoe,  it  is  invested  with  a  strong  menw 
brane,  conusting  <if  veiy  distinct  longitudinal  fibres.  The 
central  surface  is  covered  with  a  thin,  delicate,  extremely 
irritable  membrane,  which  is  kept  continually  rodst  by  a 
mucous  liquor  which  exhales  from  it 

Where  the  windpipe  terminates  in  the  lungs,  it  subdi* 
vides  into  two  or  more  branches,  termed  Brcmihutj  which, 
by  farther  subdiviaon,  at  last  terminate  in  the  larger,  and 
these  again  in  the  smaller  oeUs  of  the  lungs. 

The  upper  extremity  of  the  windpipe,  or  glottis,  termi- 
nates  in  the  pharynx  by  a  peculiar  arrangement  of  cartila- 
ges, denominated  the  Larjfna.    These  are  moveable^  and 
emmected  together  by  membranes,  which  suffer  them  to 
vary  their  position.    The  summit  of  the  windpipe  ends  in 
a  broad  annular  cartilage,  termed  the  Cricoid^  on  which 
the  others  rest     Immediately  above  this,  on  the  lateral 
and  sternal  sides,  is  the  broad  angular  cartilage,  termed  the 
ThfpxAd^  or  Ponwm  Adcmiy  Adam's  Apple,  irom  an  ab- 
surd  aUudon  to  the  first  transgresaon  of  our  first  parent 
Two  processes,  termed  boms,  connect  this  cartilage  with 
tfab  bones  of  the  tongue. 
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On  the  donal  side  of  the  thyroid  cartilage,  are  two  other 
cartilages,  tended  ^fylffioid  To  the  side  of  each  of  then 
cartilageflv  and  joined  to  the  internal  angle  of  the  thjnraid, 
there  is  attached  a  broad  fibrous  band,  which  forms  the  mar* 
gin  of  the  opening  into  the  windpipe  or  fi$na  gbUidii, 

This  Singular  structure  of  the  larynx  is  not  neoeasaory  to 
respiradon,  but  is  subservient  to  the  pnrpoaes  of  voice  or 
speech.  The  air  that  is  expelled  from  the  hu^  being 
acted  upon  by  the  variations  in  the  fimn  and  tenskn  of 
the  rima  glottidis,  produces  those  various  sounds  by  which 
different  spedes  are  distinguished.  The  ptedae  manner  in 
which  these  sounds  are  finrmed,  does  not  appeaor  to  be  ea» 
tablidied.  By  different  authors  it  has  been  oompared  to  a 
drum,  a  violin^  a  flute,  and  an  ec^an  harp. 

Several  j^dular  bodies  are  connected  with  die  larynx, 
whose  functions  have  not  yet  been  satisfactorily  explamd 
The  largest  of  these  is  the  thyroid  gland,  so  called,  b^ 
cause  it  is  in  part  situated  on  the  thyroid  cartihge.  It 
consists  of  two  lobes,  which  deeocnd  on  each  side  the  wind- 
pipe. Two  g^kmds  are  Hkewiae  seated  at  the  base  of  the 
arytenoid  cartilages,  which  appear  to  secrete  the  fluid  with 
which  the  inner  surfiue  of  the  larynx  is  mcMStened.  Another 
^andular  body  at  the  root  ct  the  epigloCtis,  appean  to  se- 
crete a  fatty  substanoe. 

In  consequence  of  the  hbcfal  snpf^  el  serous  §uad  to 
the  surface  of  the  larynx  and  windpipe,  and,  we  may  add, 
the  cells  of  the  lunga^  the  air  wbidb  i»  xetmfwd  firon  the 
lungs  is  alwajrs  found  to  be  loaded  with  m<Nsture.  In  man, 
the  quantity  given  out  during  twenty-Amr  homrs  has  been 
rated  by  some  as  low  as  six  ounces^  and  by  others  as  h^ 
as  twenty. 

In'order  to  aacertain  the  changes  widch  the  Uood  under- 
goes when  thus  exposed  to  the  influenoe  of  the  av,  it  wifl 
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be  necessary  to  attend,  in  the  first  place,  to  the  changes 
produced  in  the  air  itsdf. 

In  man,  regarding  whose  re8|wati<xi  the  greatest  num- 
ber of  experiments  have  been  performed,  it  has  been  ob- 
served, that  the  air  whidi  is  alternately  inspired  and  gected, 
becomes  unfit  for  future  use ;  and  is  likewise  rendered  in- 
capable of  supporting  combustion.  The  analysb  of  thi» 
altered  air  indicates  the  change  to  have  taken  place  in  its 
oxygenous  portion  *.  A  part  thereof  has  disappeared,  and 
an  equal  bulk  of  carbonic  acid  is  found  occupying  ita  place. 
The  quantity  of  oxygen  in  this  carbonic  add  is  equal  to 
that  which  has  been  abstracted  from  the  air.  In  this  case, 
either  carbonic  acid  escapes  from  the  blood,  and  an  equiva- 
lent bulk  of  oxygen  is  absorbed ;  or,  the  blood  (umishea 
the  carbon  only,  with  which  the  oxygen  of  the  air  unites. 
The  former  suppontion  was  long  countenanced  by  chemists; 
the  latter  is  at  present  the  previuling  opinion.  In  the 
adcyption  of  the  former,  mimy  difficulties  presoit  them^ 
selves.  There  is  no  iqf^Murait  cause  to  produce  the  expuU 
aion  of  the  carbooic  acid,  as  there  is  no  substance  in  the 
blood  with  which  it  could  be  combined,  and  from  which  it 
eould  so  easily  escape;  neither  is  there  the  slightest  reason 
to  suppose,  that  it  could  be  displaced  by  the  same  bulk  of 
oxygen,  since  these  two  gases  have  very  difierent  combui- 
ing  values*  But  when  it  is  considered,  that,  in  all  cases 
where  carbon  unites  with  oxygen,  the  carbonic  add  pro- 
duced is  equal  in  bulk  to  the  oxyg^  consumed,  we  aiw 


I  is  no  leMon  to  bdkv*  tlMt  any  ehuge  it  pradMed  OB  tbc  asoC» 
In  MOM  czperimenu  oo  Uw  lespiztttion  of  fishes,  by  Humsolot  and  Paa^ 
rmm^ALy  a  loos  oT  aaota  was  indicatcdi  But  tiia  sooives  of  cnor  in  perftnn* 
mg  snch  czperimenu  are  so  many,  and  the  resolts  which  were  obtained 
\  fton  ODS  Aiothsr,  that  no  confidence  can  be  placed  in  the 
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led  to  adopt  the  second  opinion,  and  to  conclude,  that,  in 
the  process  of  aeration,  the  blood  parts  with  a  portion  of 
carbon,  and  that  its  carbon  combines  with  the  oxygen  of 
the  air  inspired,  and  passes  into  the  state  of  carbonic  acid. 
The  changes  which  the  blood  itself  undergoes,  support  the 
conclusion. 

In  man  and  the  red-blooded  animals,  the  pulmonic  or 
venous  blood  changes  its  coUmr  in  the  lungs,  and  passes 
from  a  dark  to  a  florid  red.  That  this  effect  is  produced 
by  the  formation  of  the  carbonic  acid,  is  demonstrated  finom 
the  circumstance,  that  pulmonic  blood  exposed  to  the  air 
of  the  atmosphere  acquires  the  florid  colour,  that  part  of  its 
oxygen  disappears,  and  an  equivalent  bulk  ci  carbonic  acid 
occupes  its  place.  When  the  blood  is  exposed  to  azotic 
gas,  no  change  takes  place,  but  when  oxygen  is  substituted, 
the  red  colour  appears,  a  portion  of  the  gas  is  consumed, 
and  a  similar  quantity  of  carbonic  acid  formed. 

But  not  only  is  the  colour  of  the  blood  changed,  but 
likewise  its  densify.  The  specific  gravity  of  venous  bkx)d 
obtained  from  a  sheep,  was  found,  by  Dr  John  Davy,  to 
be  1051,  while  the  aerated  or  arterial  blood  was  1049.  It 
would  perhaps  be  rash  to  found  any  reasoning  with  regard 
to  the  proof  that  carbon  is  emitted,  from  this  change  of  den- 
sity  in  the  blood,  owing  to  the  insufficiency  of  the  experi- 
ments  which  have  been  performed,  to  serve  as  standards  cf 
comparison ;  at  the  same  time,  it  would  be  easy  to  deto*- 
mine  the  difference  in  density  between  the  venous  and 
aerated  blood,  if  the  change  consists  merely  in  the  emission 
ot  carbonic  acid,  and  the  absorption  of  a  corresponding 
bulk  of  oxygen. 

Besides  the  change  of  colour  and  density  experienced  by 
the  blood  in  the  process  of  aeration,  an  alteraticm  likewise 
takes  place  it  its  specific  heai.  Dr  Crawfobd  found  the 
specific  heat  of  venous  blood  (water  1.000)  to  be  O.SSSS, 
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Mfhile  aerated  blood  was  1 ,0600.  This  drcumstance  was  oon^ 
sidered  as  fanushing  a  strong  support  to  a  theory  of  animal 
heat,  long  in  vogue,  and  which  we  s}iall  notice  afterwards. 
Dr  John  Davy^  however,  in  the  course  of  his  experiments^ 
obtiuned  results  which  differed  from  the  foregoing.  He 
found  the  specific  heat  of  venous  blood  to  be  0.90S,  while 
that  of  aerated  blood  was  0.913.  Both  these  results  indicate 
a  diminution  in  the  specific  heat  to  have  taken  place.  It  may 
be  proper,  however,  to  state,  that  it  is  very  (Uflicult,  if  not 
impracticable,  to  obtain  accurate  results  in  such  attempts. 
Whether  the  blood  is  poured  into  an  equal  bulk  of  ano 
ther  fluid,  whose  specific  heat  is  known^  for  the  purpose  of 
ascertaining  the  resulting  temperature  of  the  mixture,  or 
its  tflte  of  cooling  be  employed,  ther^  are  changes  which 
begin  to  take  place  in  its  constitution  from  the  moment  it 
leaves  the  bloodvessels,  which  tnust  affect  the  accuracy  of 
the  comparison.  The  experiments^  of  Dakwin,  alreeuly 
quoted,  prove,  that  the  blood  is  altered  in  the  course  of 
flowing  through  the  air  from  the  veins  into  the  cup  in 
which  it  is  received. 

The  quantiiy  of  oxygen  consumed  by  animals  in  a  given 
time,  is  variable,  not  only  in  regard  to  species  and  indivi- 
duals, but  in  the  same  individuals  in  different  circumstan- 
ces. In  man^  the  quantity  of  oxygen  consumed  in  a  minute, 
has  been  differently  rated  by  chemists.  Allen  and  Pkpts 
found  it  to  be  £6.6  cubic  inches  in  a  minute,  Davy  81.6, 
and  MuERAY  36.  Th^  quantity,  however,  is  found  to 
vary  under  the  following  states  of  the  system. 

Muscular  exertion  appears  to  increase  the  consumption 
of  oxygen,  according  to  Sbguin,  nearly  fourfold  beyond 
the  usual  quantity^    Dt  PaouT  %  who  has  examined  thifr 

■      •       I        ..  ■■     I    ■      ■■  - I      II  V     ■■•      I  g     liiiii    ■■■■■ 

*  Annals  of  PhO.  ii  p.  328—343,  and  iv.  p.  331—337. 
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fl|dbDec(  vilh  great  attention,  was  led  from  his  emperimeDtr 
tp  oondudet  that  mod^nta  exaraaa  iocreaiai  the  aomunip- 
t^  of  oxygen,  but  if  aontinued  ao  as  to  iadiiee  fatigue,  it 
ofigamoed  diminution^  The  exhilaiatiiig  paooiona  appear 
likewise  to  increase'the  quantity,  probably  by  exaitiqg  nus- 
cular  aptioQ.  On  the  other  hand,  the  depressii^  pasrioQS 
and  sleep,  aloahol  *,  and  tea,  diminish  the  quantity. 

|>r  PaouT  Mkewise  found,  that  the  quantity  of  oxygen 
consumed,  is  not  uniiormly  tiie  same  duiing  the.  twenty-four 
bqurs;  but  is  always  greater  at  opeand  the  same  part  of 
tlie  di^  than  at  any  other.  He  determined,  that  its  auud- 
mum  occurs  between  10.  a.  m.  and  iL  p.  m.,  or  generally  b^ 
t,ween  11.  a.  m.  and  1.  p.  m.,  and  that  its  minimuffi  cnrewtv 
ees  about  S**  SCX  p.  m.,  and  continues  nearly  uniform  till 
about  S^  d(K  a.  m.  He  is  inclined  **  to  believe,  that  the 
psesence  and  absence  of  the  sun  alone  regulate  theee  Tm^ 
lions.^  I^ere  it  may  be  observed,  that  in  diurnal  aiumab, 
thefownoon,  during  which  it  appears  that  the  cquBiuaptian 
of  oxygefi^  is  at  its  maximum,  is  the  period  of  acUvity  or 
muscular  exertion ;  while  in  the  afternoon^  in  which  the  con- 


*  Dr  PftovT'  fbund  Uuit  '<«  alcohol,  in  every  tltte'eiid  in  ef«y  qiiantit79 
imlftvmij  leaaensy  in  a  gsealcr  or  lets  degree,  Uie  quantity  of  enlMnie  acid 
elfeitad,  aoooidior  to  the  quantity  and  dionnMlanoce  ondlr  whkh  it  is 
taken.^  'Dm  veault  is  eertalnlly  the  rsvctse  of  what  mi^  hare  been  es- 
pected,  considering  the  tmnponry  exhilarating  eflWsts  of  spirituous  li^aon. 
That  the  quantity  should  be  fiiund  diminished,  after  the  exhfUinitiqg  eilbcts 
of  the  akohol  liad  ceased,  and  the  consequent  depresaion  had  taken  place 
was  {Nedaely  wliat  mi|^t  have  been  expected,  and  which  the  cxperteMnts  of 
Dr  Fira  tcalise.  ««  On  the  8th  of  June,  (s^ys  Dr  Pira)  a  oanch  giealer 
4|aaiiti^.of  wine  than  usual  was.  taken,  and  the  next  day  the  quantity  of 
carbonic  acid  was  repeatedly  found  as  low  as  above  stated,  (5.75  per  eene.) 
On  making  the  experiment  again  with  leas  wine,  the  quantity  of  carbonic 
aoldwaa  ecMJdwWy  lednoad,  thoigh  not  ao  maobaa  baftHw,'*  (orijjF  be- 
twoan  S  and  3  per  cent)  ib,  iv.  385.  This  dimbiished  state  certafady  indi* 
oatas  a  previous  excess.  The  apparent  dSacocdanoe  of  the  results  of  these 
aipariiuentars  probably  arises  ftom  peculiarities  of  habit  nt  eonstltntion. 
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[>n  of  OKjgen  dnnmshes,-  the  body  begins  to  e)&- 
perimee  hiigiib.  Witk  die  nocturnal  animals,  tfak  ar- 
mgettient  is  probably  reversed,  to  correspond  with  that 
season  of  activity. 

Tbd  influeiioe  of  temperature  in  increasing  or  dknimsh- 
ing  the  coosusiption  of  oxygen  is  likewise  oottsidembte. 
CaAWvaftD  found  that  a  Gninea^pig  oonflned  in  air  at  the 
teBpemtuve  of  65%  consumed  double  the  quantity  which 
it  AAj  when  placed  in  aiir  at  104^  He  likewise  found,  in 
sueh  eases  ^^  ^  veMos  bkxM],  wlien  the  body  was  ex- 
posed to  a  high  temperature,  had  not  its  mual  dark  cofeur; 
but,  by  its  florid  hue,  indicated  that  no  change  had  taken 
pbuie  in  its  constitution,  in  the  course  of  drculation.  When 
Ihe  temperature  of  warm-blooded  animals  is  greatly  auf^ 
tteated,  exertion  becomes  laborious,  a  great  degree  of  laa- 
sitiKfe  is  speedily  induced,  and  a  condition  of  the  system  is 
produced,  similar  to  that  which  follows  great  muiduiar  ef- 
forts. In  the  coldJblooded  animals,  on  the  other  hand, 
ivhose  exertions  are  so  mtieh  und^  the  influence  of  tern- 
peraMive,  that  they  become  torpid  when  cooled  below  a 
certain  d^ree,  the  eSect  of  a  moderate  degree  of  heat  will 
be  to  increase  muscukr  action,  and  a  oon^sponding  con- 
sumption of  oxygen.  The  experiments  of  Spallanbani 
and  others,  are  in  confertnity  with  such  suppositions. 

Upon  a  review  of  die  difl^erent  circumstances  whidi  bav^ 
be^  stated,  as  influeneing  the  consumption  of  oxygen,  it 
appears  obvious^  that  it  keeps  pace  with  the  degree  of  mue- 
cular  action,  and  is  dependent  upon  it,  consequently,  a 
state  of  increased  consumption  is  always  followed  by  an 
equally  great  decrease,  in  the  same  manner  as  activity  is 
ilBHowed  by  fiitague.  Yawnii^  and  drowsiness  indieale 
muscular  exhamsticai,  and  tliey  likewise  indieate  a  deet«ased 
censumption  of  oxygen. 

This  consumption  of  oxygen  is  the  index  of  the  quanti- 
ty of  carbon  which  is  thrown  out  by  the  system.    In  man, 

2^ 
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it  amounts  nearly  to  half  an  ounce  every  boor.  £zpec»* 
ments  are  still  wanting  todetarmine  the  relation  of  the  quan- 
tity to  the  bulk  of  the  animal,  or  the  amount  of  the  food 
which  is  consumed. 

It  now  remains  that  we  trace  the  progress  of  the  aerated 
blood  in  the  SyHemic  vessds  to  its  final  destination.  The 
radicles  of  the  systemic  vessels  take  their  rise  in  the  aerat- 
ing organs,  and  receive  from  the  terminating  twigs  of  the 
pulmonic  vessels,  the  blood  which  has  parted  with  its  carbon, 
and  suffered  the  changes  consequent  upon  the  separatioii  of 
the  superfluous  portion  of  that  ingredient  These  radicies 
unite  into  branches,  and  either  transmit  the  blood  directly 
to  the  different  parts  of  the  body,  or  suffer  muscular  enlarge- 
ments, f(Hining  a  syHemic  lUart.  In  quadrupeds,  the  aerated 
blood  is  collected  from  the  lungs  by  the  radides  of  the  syrte- 
mic  veins:  these,  by  their  union,  form  four  trunks,  whidi 
jprooeed  to  thdr  common  unus,  and,  through  it,  pour  their 
contents  into  the  systemic  or  left  auricle.  The  blood  now 
enters  the  systemic  ventricle,  and,  by  means  of  its  (xmtrao- 
tions,  is  sent  into  the  systemic  artery  or  Aorta^  of  whidi  it 
may  be  considered  as  an  expansbn.  Through  the-aubdi- 
visions  of  the  aorta,  the  blood  is  convq^ed  to  all  the  parts 
of  the  body. 

The  structure  of  the  systemic  hettrt  is  amilar  to  that  of 
the  pulmonic,  with  this  difference,  that  its  walk  are  much 
stronger,  and,  consequently,  are  fitted  for  exerting  the 
requisite  force  in  order  to  propel  the  blood  through  the 
arteries  to  the  remotest  parts  of  the  system  *. 

*  It  appean  probable,  that  the  arteries  themselves,  b^  the  oontractian 
of  thdr  eo8tB«  serve  to  pramoce  the  ctacnlatlon  of  tiie  blood,  and  that  Uiese 
contnetioDS depend  on  the  nerves  with  which  Uiey  mm  anpplisd.  Seea 
paper  by  Sfa*  B.  Hona,  ^^  On  Ae  li^^mce  if  tU  Ntrvet  mfmi  tkt  Actiim  rf 
tk€  Arterie9:*    Phil.  Tmos.  1814,  p.  5SS. 
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Althou^  these  two  hearts,  the  pulmonic  and  systemic^ 
are  united  in  quadrupeds  and  birds,  it  is  otherwise  widi  many 
genera  of  molluscous  animals,  in  which  they  are  removed  to 
a  confflderable  distance  fixim  each  other,  and  exhilnt  apart 
the  fiinctuxis  of  the  two  systems  of  circulating  vessels. 

The  arteries  observe  usually  a  very  tortuous  course.  In 
dividing  into  branches,  there  may,  in  general,  be  observed, 
the  c(Mitinuation  of  a  principal  stem.  These  branches  frer 
quently  communicate  with  each  other,  or  anastomose.  The 
number  of  branches,  or  the  quantity  of  blood  which  they 
convey  to  any  particular  part,  may  be  considered  as  propor- 
tional to  the  quantity  of  action  which  it  performs,  whatever 
be  the  structure  of  the  organ.  Mr  Cablisle  *  has  observed, 
that  in  the  limbs  of  slow  moving  quadrupeds,  the  trunk  of 
the  artery  subdivides  into'  a  number  of  parallel  branches, 
the  sum  of  whose  areas  is  much  greater  than  the  trunk 
from  which  they  have  proceeded.  By  this  arrangement, 
the  rapidity  of  the  circulation  must  be  diminished,  proba- 
bly to  make  it  correspond  with  the  slow  but  continued  ex- 
ertion of  the  muscles,  to  which  such  parallel  arteries  are 
^tributed. 

The  arteries  terminate  in  those  minute  twigs  which  have 
been  termed  capUbxry  vesseU.  In  these,  the  blood  flows 
in  sudi  minute  quantity,  and  their  coats  are  so  thin  and 
transparent,  that  they  appear  colourless.  These  capillary 
vessels  open  into  the  extremities  or  radicles  of  the  vein,  so 
as  to  form  a  continuous  circulation.  This,  however,  is  not 
universally  the  case.  For  these  capillaries,  in  some  cases, 
open  into  cavities,  into  which  they  pour  a  watery  liquor. 
When  exereising  this  fimction,  of  whose  mechanical  or 
chemical  arrang^ment6  we  know  nothing,  they  have  been 


*  PhiL  Trans.  1800,  p.  98,  and  ^SOi,  p.  17. 
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termed  exhaling  or  seaming  vemU,  la  other  cii0e»».  ihey 
tansimte  io  gUod^  whose  office  it  i»  to.  aqpai^Ae  eooae  m- 
pedients  from  the  blood)  for  the  benefit  of  the  iy0leio»,eK  to 
^  thrown  out  as  useleM.  It  is  in  these  tenmaetiiig 
twigs  of  the  arteries  or  the  oapiUary  veaseU^  that  the  ch^i^ts 
take  place  in  the  blood,  by  which  its  qualities  are  akei^l, 
and  it  passes  into  venous  blood. 

In  the  process  of  digestion,  the  food  is  miified  with 
a  variety  of  secreted  fluids,  by  which  it  is  gradually 
prepared  for  the  action  of  the  absorUng  vessels  or 
lacteals.  These  separate  the  nutritious  portioo,  and  ocm- 
vey  it  to  a  particular  receptacle.  Another  set  of  ab^ 
sorbents,  the  lymphatic  ta)(e  up  all  the  substances 
whkh  have  been  ejected  from  the  circulation,  and  which 
are  no  longer  necessary  in  the  particular  organs,  and  oqiDp 
municate  th^  contents  to  the  store  already  provided  by 
the  lacteals.  The  veins  receive  the  altered  blqod  from  the 
extremities  of  the  arteries,  or  the  glands  in  which  they  ter^ 
minate  and  proceed  with  it  towards  the  lungs  to  be  agm 
aerated.  In  th^  progress,  they  obtam  the  collected  fluid 
of  the  other  absorbents,  and,  in  the  lungs,  again  prepaid 
the  whole  for  the  use  of  the  system.  Thus,  during  the 
continuance  of  life,  the  arteries  su{^y  the  materials  by 
wluch  the  system  is  invigorated  and  enlarged,  and  oppoee 
that  tendency  to  decay,  produced  by  the  influence  of  ex- 
ternal otyects.  The  process  ccmtinues  during  the  whcle  of 
life,  new  matter  is  daily  added,  while  part  cf  the  old  aad 
useless  is  abstracted.  The  addition  is  greatest  in  early  life, 
the  abstractbn  is  greatest  in  old  age. 

This  continued  system  of  addition  and  abstractioi]  baa  ted 
some  toconclude,  that  a  change  in  the  corporeal  identity  of 
the  body  takes  place  repeatedly  during  the  continuance  of 
life,  that  none  of  the  particles  of  which  it  consisted  in  youth, 
remam  in  its  composition  in  old  age.  Some  have  consider- 
ed  the  change  effected  every  three,  others  every  seven 
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jean.  Tfauopmioii,lkni«VieK^  is  render 
wdl  known  fa^ts.  Letten  marked  on  the  skin  by  a  varieif 
of  fldifastances,  fivquently  lart  for  life.  Theie  are  some  Hb^ 
etie^y  sudi  as  8tfiall.|Kntatidt{iea8]es,4>f  which  theoonitite* 
tkm  is  onSy  mce  Mte^tible ;  but  it  i8<4)MirvM  tobe  lidile  to 
the  atudc  of  these  di«eaae%  at  every  periodof  Jiumon  life. 

UaiNAav  Systjsm. 

Wjb  havel)een  mduced  to  add  this  section  ftsati  ap(>eii- 
>dix  to  our  observatiottd  on  dixuktion,  ftom  the  persuasiott, 
-ihat  the  urine  is  an  escrementitioti^  fluid  6efte&ted  Ardm 
the  blood.  The  glands  which  are  employed  fbr  this  pur- 
pose, are  termed  TSdneys. 

These  oi^gans,  as  they  exist  in  qiiadrupeds,  lii%  two  iti 
number,  one  on  eadh  ode  of  the  spine,  at  the  upper  pdict  dJF 
the  loins.  Each  kidney  is  made  up  of  huinerdUs  Idbes, 
which  are  more  or  less  intimately  united  according  to  the 
species.  They  are  situated  Behind  the  peritoneum,  and 
surrounded  by  a  pecufiar  vasct^  membrane.  They  con- 
sisi:  of  -two  parts,  ah  exterior,  termed  cortex^  and  an  inte- 
rior meduUa,  In  the  cortical  part,  the  urine  ts  secreted, 
it  then  enters  into  conical  -shaped  bodies  .in  the  medulhiry 
^rt.  These  cones  have  thor  base  towards  the  surface 
of  the  kidney,  and  their  apex  towards  tiie  concavity  of  its 
central  side.  They  consist  of  hdlow  tubes,  which  convey 
the  lirinie  into  the  great  cavity  of  the  kidney,  termed  its 
jpelrns.  From  tiiis  pelvis  or  receptacle,  a  tubular  irregular 
vessel,  termed  the  ureter^  conveys  the  urine  to  the  bladder. 
The  kidneys  are  supplied  with  blood  from  the  aorta.  The 
<veins  return  it  to  the  vena  cava  inferior.  Their  nervous 
•energy  is  derived  from  the  great  sympatheUc  nerve. 

The  bladder  consists  prindpally  of  two  coats.  The  ex- 
ternal is  muscular,  and  coniasts  of  fibres  which  are  various- 
ly decussated.    The  internal  is  a  serous  membrane,  winch 
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Vtenten  a  lubricatiiig  fluid,  to  protect  the  drgan  from  tlie 
aetfam  of  the  oontnued  fluid,  llie  ureters  enter  the  bladder 
towards  its  mouth  pn  the  dorsal  side,  passbg  Ihiou^  its 
coats  in  an  indireet  and  tortuous  manner.  The  bladder 
ittdf  is  retained  in  its  place,  p$rdy  by  the  fiolds  of  the  pe- 
ritoneum,  and  partly  by  its  onm  ligaments.  These'  either 
aiise  from  the  neck  of  the  bladder,  and  are  attached  to  the 
pubis,  or  from  its  fundus,  oonstitutbig  the  urachus.  The 
uripe,  at  stated  intervals^  is  expelled  from  the  bladder, 
though  ^  canal  termed  the  urethra^  which  accompanies 
Ithe  reproductiTe  organs. 

The  modifications  of  this  system  in  the  infericnr  classes  of 
^imals,  are  numerous.  In  none  of  them  do  the  kidneys  in 
their  ^ructure  appear  to  conost  of  two  parts.  The  ureters, 
while  they  pour  their  contents  into  a  bladder  of  urine,  in 
some  reptiles  ^d  fishes,  do  no^  in  others,  terminate  in  any 
Gommpn  re  .ceptacle.  In  birds,  m  general,  and  many  reptiles 
and  fishes,  the  urine,  befi^re-expulsion  from.the  body,  is  mix- 
(sd  with  the  excrement,  while  in  many  fishes,  it  either  passes 
|OUt  by  a  peculiar  opening,  or  in  a  common  passage  with 
the  melt  or  spawn.  Nothing  analogous  to  urinary  organs 
has  yet  b^n  d^etected  in  the  mollusca  or  annulose  animals, 
although  ip  the  dung  of  ^e  caterjMllars  of  several  insects, 
traces  of  the  peculiar  principle  of  urine,  or  urea,  have  been 
detectjBd. 

There  is  a  ^ngular  compound  body  adhering  to  the  upper 
part  of  the  kidney  in  quadrupeds,  termed  the  renal  gkmdj 
whose  use  is  unknown.  It  is  of  a  yellowish  colour 
and  firm  consistence,  and  frequently  ccmtiuns  a  cavity  filled 
with  a  dark  ^rous  flpid.  In  the  fcetus,  it  is  equal  in 
^2e  to  the  kidneys,  but  }n  the  adult,  it  is  about  one- 
fifth  less. 

The  urine  itself  hasbe^  repeatedly  examined  by  difie- 
rent  chemists,  and  a  variety  of  products  obtained  from  its 
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ttutym*'  The  ^colour  of  urine  is  usually  a  pale  yellow,: 
and  its  qpedfic  gravity  rather  higher  than  water.  It  has  a 
peculiar  odour.  When  first  diacbarged,  it  is  senstUy  ack),  ' 
readily  reddening  vegetable  blues,  but  in  a  short  time  it* 
suffers  dooQQipoeition,  anunonia  is  evolved,  the  excess  of 
acid  is  neutralised,  and  alkaline  properties  predominate. 
Such  is  the  case  with  the  urine  of  man  and  many  qua- 
drupeds, but  Vauquelin  found  that  of  the  liim  and 
tiger  alkaline,  owing  to  the  excess  of  ammonia*.  It  is  not 
determined  whidi  of  the  acids  existing  in  urine,  are  in  an 
unoombined  state, — the  uric,  phosphoric,  acetic,  lactic,  and 
carbonic  adds  having  been  successively  referred  to,  as  occa- 
fliomng  the  change  in  vegetable  blues  f . 
Ill  the  urine  of  different  species  of  quadrupeds,  nearly 

*  Bbbibltos  lays  it  down  at  a  nle,  (Annals  of  FhlL  iL  906,)  that  aU 
tbe  excreted  fluids,  such  as  urine,  aze  add-  The  alkaline  nature  of  the  urine 
pf  the  Uon  and  tiger,  however,  Aunish  a  striking  exception. 

t  The  foOowii^  are  the  ii^iedknU  contained  in  a  1000  paru  of  urine : 
Water,  t  f  .  ...  93a00 

Urea,            .           ,            ,            .                .            ,  30.10 

Sulphat  of  potash,            .            ,                .            .            r  &71 

Sulphatofsoda,  S.16 

Phoaphatofsoda,                               ....  9.94 

Muriatofaoda,                            .              .            ,            .  4.45 

Phoephat  of  ammonia,                            .            ,            ,  1.65 

Mnriat  of  anunonia,            .....  1.50 
Free  lactic  aeid,~lactat  of  ammonia,^  animal  matter  soluble  in 
aleohol,   and  usually  accompanying  the   lactat,— animal 
matter  insdubla  in  alcohol,— urea  nqi  aeparable  from  the 

praceding,               ....  17.14 

Barthy  phosphate,  with  a  tfsce  of  fluat  of  lime,  1.00 

Uric  add,             .....  1.00 

Mucus  of  the  bladder,  aSt 

Mex,               .               .....  0.03 

1000.00 
BBBzei,)us,-r^nna]8  of  FhiL  ii.  pw  428. 


•  Digitized  by  CjOOQ IC 


36t  PHILOSOPHY  OF  ZOOLOGY. 

die  Bane  ingredieiits  are  feund  as  in  that  of  man  In  all, 
urea  exists,  but  the  natuie  and  pnyportion  of  the  Mifa,  ift- 
kalis,  and  earths  whidi  are  present,  are  somewhat  difleratt. 
Thus,  in  the  ^gnunenivorous  animals,  there  is  no  uric  add, 
-while  the  benzoic  acid  is  present  in  such  quantity,  as  to  al- 
low of  its  being  extracted  for  oommeroial  purposes.  The 
phosphoric  add  and  its  combinations,  are  likewise  absent  in 
the  urine  of  many  quadrupeds. 

Urea,  and  uric  acid,  appear  therefore  to  be  substenoes 
peculiar  to  urine,  and  as  they  hove  not  been  detected  ready 
formed  m  the  blood,  it  appears  reasonable  to  condade,  tlurt 
th^  are  produoed  by  the  kidneys. 

The  contents  of  the  urine  in  the  same  indhridua],  apptw 
to  differ  with  age,  food,  or  disease.  In  infants,  there  is  no 
phosphoric  acid,  and  but  feeble  traces  of  uricadd ;  while 
in  adults,  both  uric  add  and  earthy  phosphate  diouad*  A 
var^ty  of  substances,  such  as  mtre,  alkafi^  (iartkrinc  add, 
rhubarb,  or  madder,  when  taken  into  the  stomach,  odHi- 
municate  their  sensible  qualiiies  to  the  urine  in  a  very  re- 
markable manner,  leading  some  to  believe,  that  there  is  a 
passage  for  fluids  from  the  stomach  to  the  kidneys,  ihde^ 
pendent  of  the  ordinary  course  of  drculation. 

But,  the  most  singular  changes  which  take  jpLace  in  urine 
4ffe  effected  by  disease.  In  diabetes,  the  quanUty  isinereased 
in  a  great  degree,  as  well  as  its  denrity.  The  proportion  of 
urea  his  diminished  to  such  an  extent,  that  it  can  witk 
difficulty  be  detected,  while  sugar  oocupiea  its  place  in 
abundance.  These  two  substances  ooatun  the  same  ele- 
ments, but  in  different  proportions.  While  the  hydrogen 
of  the  urea  remains  the  same,  its  azote  disappears,  and  the 
quantity  of  carbon  and  oxygen  bemg  doubled^  produces 
die  si^^ar.  Mr  Rose  has  likewdse  remarked  the  absence  of 
urea  in  the  urine  of  patients,  labouring  under  chronic  and 
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acute  inflMDinatioiis  of  die  Kver,^    Diiiiiig  jmmdkw^  tfae 
pKBence  ef  bile  may  be  detected  in  die  nme. 

In  somecnes  of  the  dtteaae  caUed  MpprMfliim  d^ 
the  body  is  rdie^ed  fimn  diis  txcfemeaoAoMB  liquid  by 
means  of  perspiration.  Dr  DAWscm  Aeittiolis  the  case 
of  a  young  woinan,  in  which  the  urine  was  conveyed 
out  of  the  system  by  spontaneous  vomitings.  ^*  She 
vomited  sometimes  every  day,  and  sometimes  only  every 
third  or  fourth  day;  and  though  these  vomitings  usu- 
ally came  on  presently  after  dinner^  yet  what  she  vomit- 
ed seemed  to  be  mere  urine,  without  any  thing  which  she 
had  eat^  mixed  with  itf  .^ 

Some  notice  oug^t  here  to  be  taken  of  ttrinanf  ealoMi 
These  are  found  both  in  die  kidneys  and  in  the  bladder. 
They  oonsist  of  eoDoretimis  of  one  or  uKxe  of  the  ingrodi* 
eoCs  of  urine,  and  exlubit  oonaideraUe  vaiiety  of  stmetvfe 
and  external  appeoraace.  In  addition  to  the  xngredienli 
of  the  urine,  oxalic  acid,  and  its  alkaline  and  eavthy  oom- 
pounds,  have  Ukewise  been  detected  in  them.  Their  or^^fii 
is  obscure.  In  the  kidneys,  thett  morbid  concretions  usu* 
ally  consist  of  uric  aod,  or  oxalat  of  Ume.  These  passing 
into  the  bladder,  become  nuclei,  round  which  layers  of  the 
phoephats,  uratsand  carbonats  are  deposited^  and  ako  urea. 
But  these  concretions  may  form  likewise  in  the  bladder  it. 
self,  from  the  thickening  of  the  mucus,  or  die  deposidoii. 
of  those  ingredients  of  the  urine,  which,  from  being  in 
excess,  may  be  only  mechani^ayy  suspended.  In  the 
human  species,  these  concretions  produce  the  most  ex- 
excruciating  pain  ;  and  it  has  hitherto  baffled  the  skill  of  the 
chemist,  to  point  out  a  method  by  which  their  formation 
may  be  prevented,  or,  when  formed,  their  dissolution  effect- 
ed.    But  man  is  not  alone  subject  to  this  painful  disease. 

•  AoMlB  of  PhiL  V.  (k.  4S4  t  PJ>fi-  TraiM.  1759,  p.  SIS. 
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Ujoottcy  €0iicrolioii8:have  likewise  beenidetectal  in  the 
liane,ox,8ow,  dog,  nbhitycatandnit  In  none  of  these, 
iioimrer,  has  any  tnoe  of  uric  acid  been  detected.  In  all 
of  tfaem  the  base  islimcornia^^neaa,  united  with  phoqAo* 
ne»  carbomc,  or  oxalic  aoda. 


CHAP.  XIV. 

Pjeculiak  Secretions. 

Under  this  head,  it  is  our  intention  to  consider  the  cir» 
cumstanoes  under  which  light,  electricity  and  caloric,  are 
genen&ed  in  the  animal  system.  The  subject  is  exceed- 
ingly interesting,  wad  it  has  been  enriched  by  numerous 
obsenrations,  the  united  effints  of  the  naturalist  and  die- 
mist  Still,  however,  there  prevails  a  conaderable  diversi. 
ty  of  opinion,  reqpectbg  the  manner  in  which  these  sub- 
stances are  produced,  or  the  share  which  the  vital  princi- 
ple contributes  towards  their  developeipent  As  these  bodies 
frequently  appear  to  be  produced  contemporaneously,  in  the 
changes  to  which  matter  is  subjected,  they  are  to  be  view- 
ed in  tins  chapter  in  connection,  in  expectation  that  the 
mode  of  production  of  one,  may  help  to  illustrate  the  ori- 
gtnof  antdier. 

J.    LUMINOUSNESS  OF  AnIMALS. 

^u£  faculty  of  emitting  light  does  not  appear  to  be  pos- 
sessed by  any  individuals  of  the  classes  Mammalia,  Birds  or 
Reptiles.  Several  fishes,  however,  exliibit  this  remarkable 
property ;  particularly  the  Dorado,  Mullet,  Herring  and 
Sprat  The  Sparus  chryswrus^  an  inhabitant  of  the  seas 
of  Brazil,   is  said   to   be  luminous  in   such   a  remark*. 
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able  imiiiier,  that  when  a  few  indivuluak  are  swunming  in 
company,  they  emit  so  much,  lig^t,  that  ina  dark  night  a 
pemm  might  see  to  read  by  its  aid  ButconsideniUe  saqoi- 
cions  may  be  entertained  on  this  subject,  whedier  the  U^t 
is  emitted  by  the  bodies  of  ^fish,  or  by  the  number  of  mi- 
nute parasitical  ftnJTnftja  i^hich  adhere  to  the  surface  of  the 
skin.  It  is  well  known^  that  when  fish  begin  to  putrefy, 
they  appear  luminous ;  but  the  light  is  occasioned,  not  by 
the  fl^  of  the  aninUil,  but  by  numerous  animalcula,  whose 
growth  the  putirefaction  has  promoted.  To  such  a  cause 
may  be  referred  the  light  observed  by  Willovghby,  in 
the  Sparus  pagrus*. 

Among  the  Mollusca  conchiferti,  the  Pholades,  aootml- 
ing  to  the  observations  Reaumos,  possess  a  liquor  whidh 
is  luminous;  and  the  same  property  is  possessed  by  the 
Pyrosoma  of  Peron,  inserted  among  tlie  Mollusca  tunicaba 
The  crustaceous  animals  exhibit  several  examples  of  lumi- 
nous spedes,  such  as  the  Cancer  pulex  of  Linkjeus,  and 
the  Cancer  fdgens  of  Sir  Joseph  Banks  f.  The  Myiia* 
poda  exhibit  thiii  property  in  the  spedes  of  the  genus  Soo* 
lopendra.  The  Insecta  furnish  examples  in  many  genera^ 
as  Elater,  Lampyris,  and  others.  Among  the  Vermes, 
the  Neries  noctiluca  haa  been  loi^  known ;  and,  according 
to  BnuGDiERE,  the  common  earthworm^.  The  genera 
Medusa  and  Beroe  among  the  Acephala;  and  the  Pennar 
tula  and  Sertularia  among  the  Zoophyta,  are  all  remarkable 
examples. 

The  luminous  quality  appears  toreside  in  afluid  substance 
in  the  Pholas,  Pennatula,  Medusa  and  many  other  animabi 
In  a  qiedes  of  cancer  observed  by  Captam  Tuceet,  in  the 


•  HiMoria  Pisciuin,  81«.       f  FhiU  Trtni.  1810,  p.  M.  Tabw  xiv.  f,  I,  ?, 
X  Joum.  d'Hitft.  Nat,  il.  p.  tC7. 
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Odyfof  (Ehripta»  the  himinnww  properly  readbd  m  the  brMft; 
wfaidby  whoi  the  animal  wai  at  nest,  veaembled  a  moat  bril- 
liaatamethjst,  about  the aaeofaIai!ge  pin-head;  andftoiii 
this  there  darted,  irhen  the  aonial  tnoved,  flashes  of  a  hrit 
liant  nkerj  light  In  the  Lampyiis,  the  lununoiia  vatter 
«  a  soft  yeOowifih  sidxtaoc^  of  a  doae  texture,  and  re. 
aemblmg  paste.  It  is  not  attached  to  the  same  part  of  the 
body,  even  in  animals  of  the  same  class:  thus,  in  the  Lam- 
pyiis,  it  is  qnead  on  die  internal  surrfiioe  of  the  kst  rings 
flf  the  abdomen.  In  the  Ekter,  under  the  skin  ct  the  dio. 
fax ;  in  the  Fulgora,  in  the  remarkable  projections  on  the 
head ;  and  in  the  Pausus,  in  the  dub  of  antemue*. 

Among  insects,  this  luminous  quality  is  peculiar  to  the 
season  of  love,  and  dieappears  during  the  remaining  part  of 
the  year.  The  effect  of  season  on  the  other  luminoiis  ani- 
osab,  has  not  been  observed. 

In  many  of  the  medusa^  particularly  Medusa  hemis/^- 
rica  of  Maccartkkt  -**,  exposure  to  light  destroys  the  Iti- 
minous  power ;  hence  these  aniihals  are  not  observed  at  the 
surfiice  of  the  sea  in  moonlight  nights*  The  light  of  in- 
sects appears  to  be  in  a  great  measure  independent  of  ex- 
temal  circumstances.  In  the  Scolopendroy  on  the  other 
hand,  the  luminousnees  does  not  aj^iear,  unless  the  animal 
has  been  previously  exposed  to  solar  light 

The  luminous  quality  b  not  destroyed,  extinguished,  or 
akered,  by  immersing  the  animal  in  oxygai  gas,  chlorine, 
hydrogen,  alcohol,  or  water,  unless  death  be  produced,  in 
whidi  case,  the  luminous  power  speedKly  ceases.  In  some 
caves,  however,  this  power  may  be  restored.  Tlius  Mr 
Maccabtvey,  to  whom  the  puUic  is  indebted  for  the  most 
valuable  informaticm  on  the  subject  which  has  yet  been 


I  Bfbmoemwh  Un-  Ttuis,  voL  iv.  p.  f0h 
t  Phfl.  Tnms.  1810,  IV  268. 
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pufa&iiQl*  bmog  ciH  fiom  the  bdlksof  li?ng  g^ov-' 
the  fluoa  containiiythe  luttinofu  matter,  found  that  it  ibone 
iniHittiTuptedly  for  several  bouni  in  the  atmaqphere;  and* 
after  the  %ht  became  extinct^  that  it  was  vevivedby  beiQg 
moifleBed  with  water*  Sooft  of  the  sacs  were  put  into  war 
ter  in  the  first  instanoe,  and  they  continued  to  shine  in  it 
iMmemittiagly  for  for^^^ht  houis. 

Whatever  esKciCes  to  muscubor  action^  increases  the  luipi^ 
poiis  a(9eavanee»-nas  heat  and  ekctridty*  Intbecaseof 
the.meduss^t  they  give  out  their  light  upon  bong  disturiK 
ed,  the  emission  of  the  luminous  jets  foHowiag  the  line  of 
the  muscular  oontnietians.  The  minute  qpecies  are  vary 
eommon  in  the  sea ;  and  produce  those  sparks  or  ^bes  cf 
Uf^y  constituting  the  luminousness  or  phosphorescence  of 
the  sea,  ao  visible  in  a  daA  night  in  the  wake  of  a  ship,. 
or  when  the  water  is  struck  by  an  oar? 

lir  Haccabtksy,  in  the  coarse  of  his  dissections  of  lur 
■unous  insects,  did  not  find  that  the  otganaof  fight  were 
better  or  differently  supplied  with  either  nerves  or  air- 
tdbes,  than  the  other  parts  of  the  body.  The  emission  or 
siqpprrfiBinn  of  the  light,  however,  appears  to  be  under  the 
influpuce  ef  the  will  of  the  animal  *. 

II.— r£i,scTai€iTT  OF  Animals. 

The  production  of  the  electrical  fluid,  one  of  the  most 
singuhu*  secretions  of  the  animal  frame,  is  peculiar  to  the 

*  Wben  fish' ore  steeped  in  wftes^  until  the  whole  fluid  becomes  InmU 
mow,  fl^pecUQx  the  swfiice)  this  liuDinoiisaees  is  iaenesed  by  shaking  tht 
npeL  A  hest  of  118^  destroy  in  a  great  measure,  this  property.  'The- 
hunjywMWgfs.  appears  to  be  caused  by  the  inftisoty  snimalmles  with  whi^ 
sudi  water  abonods.  See  ^  EzpeiimenU  to  prove  that  the  liuninoasnesa. 
of  the  sea  arises  fttxn  the  putrefaction  of  its  animal  siibstanees,**^^  J, 
CuiTow,  Phik  Trans.  1769,  p.  440. 
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fbHowing  afMSCM  of  fishes.  Rhinobfttm  etedrieua^  Tarpe-' 
doTulgarby  uninuicubUa,  ■wnnonta  sod  giAvani*,  Gyamo- 
tuB  electiicuB,  Silorus  decdricuB,  Tetnodcn  dectrioasy  and 
Trichiuriis  Indicus.  The  cUuntt  of  the  first  and  last  of 
these  species  to  rank  aselectrieal  fiishes,  is  dottbtfol ;  tbsee 
of  the  others  have  been  established. 

The  electrical  organs  of  the  Torpedo  are  double,  and 
occur  in  the  fore-part  of  the  bod  j^  one  <m  eaidi  fide  of  the 
cranium;  and  extend  backwftrds as  fsraa  the gpH-openinp, 
occupying  the  whole  skin  between  the  U{^)er  and  ander 
surfaces.  In  the  Gjftimohis  deetrieusy  them  peculiar  or^ 
gans  occupy  nearly  one*half  of  the  body  of  dK  aninimi^ 
They  are  four  in  number,  t#o  on  eacb  side ;  and  enmd 
'  along  the  sides  and  belly,  from  the  he^  to  near  the  taiL 
They  are  of  unequal  size ;  the  superior  obe  on  each  sale 
being  the  largest.  It  is  oorered  on  its  dorsal  aipect  by  the 
muscles  of  the  back,  and  on  its  ventral  aiepcat  by  the  smali- 
erorgan.  Thislast  reaches  to  the  middle  of  the  bdly,  and  is 
scarcely  one-fourth  of  the  size  of  the  superior  one.  in  the 
Silurus  eltcirieifSy  the  electrical  oigan  oommenees  at  the 
head,  where  it  i^  thickest,  aud  extends  akmg  the  back  and 
sides  towards  the  tail,  gradually  decreasing  in  tKmnfiirf^ 
as.it  approaches  the  caudal  extremity. 

The  electrical  organs  in  all  the  fishes  whkh  have  been 
examined,  appear  to  have  a  reticulated  cellular  structure. 
In  the  Torpedo  marroorata,  which  HuMTsaf  examined. 


*  Doubts  may  be  entertained  with  regard  to  the  proptiety  of  coMtitn- 
ting  lo  many  species,  cut  of  the  Raia  torpedo  of  nattvalists,  as  has  been 
done  by  M.  Risso,  In  his  Ichtbyologie  de  Nice,  p.  !&,  in  a  great  measurer 
f^om  the  colour.markings  of  the  body  ;  a  character  ill  the  torpedo  Uaiite  to 
considerable  variation,  according  to  Mr  Ton.  (Fhil.  Trans.  IBia,  p.  Itio 
The  T.  marmorata,  is  the  species  referred  to  by  British  writen. 

t  PhiL  Trans.  1773,  ]>.  481. 
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they  GGOsisled  of  parpendicular  hoHow  columns,  reaching 
fiom  the  ventral  to  the  dorsal  surface  of  the  animal ;  and^ 
where  the  organ  is  thickest,  extending  to  an  inch  and  a 
half  in  length ;  and  where  thinnest,  to  one-fourth  of  an 
inch.  These  columns  he  found  to  be  four,  five,  and  even 
fiix^ided ;  but  Mr  Tod  is  inclined  to  consider  them  cylindri* 
cal*.  Th^  coats  of  the  columns  are  thin  and  transparent, 
closely  connected  with  eadi  other,  by  a  loote  network  of  ten^ 
dinous  filHvs,  pasnng  txtaaswineij  and  obliquely  between 
the  columns.  They  are,  likewise,  attached  by  strong  ine- 
lastic fibres,  which  pass  directly  from  one  column  to  ano- 
ther. The  cavity  of  eadi  column  is  divided  into  a  num« 
ber  of  cdls,  (containing  a  fluid  which  M.  Gkoffaoy  found 
odmposed  of  albumen  and  gelatine),  by  transverse  partitions, 
whidi,  in  a  column  of  one  inch,  amount  to  160.  These 
parcitions  cosmeft  of  a  very  thin  translucent  membrane ; 
their  edges  appear  to  be  attadied  to  one  another,  and  they 
are  connected  to  the  inside  of  the  columns  by  a  fine  cellu- 
lar membrane.  The  whole  organ  is  covered  by  a  thin  mem- 
brane, eoropoeed  of  fibres  runnhig  in  a  lon^tudinal  direc 
tion,  and  united  to  the  skin,  or  surrounding  parts  of  the 
body,  by  a  cellular  substance;  Within  this  external  mem- 
brane cf  the  electrical  organ,  there  is  another,  consisting 
likewise  of  fibres,  runnii^,  however,  in  a  transverse  <firec- 
tion.  The  sides  of  the  columns  take  their  rise  from  this- 
membrane.  The  arteries  by  which  the  electrical  oTgans  are 
nourished,  after  penetrating  the  investing  membrane,  ra-- 
roify  upon  the  sides  of  the  columns,  and  send  in,  to  the 
partitions,  numerous  small  branches,  which  anastomose  with 
one  anoither,  and  with  the  vessels  of  the  adjacent  partitiittis; 


•  PbiL  Traiia.  181$,  p.«in. 
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The  tmve^cf  the  ocg«os  wipe  figm  the  miduBa  ofifa^gvr 
to.  Each  orgsn  is  bbei^supplM  by  three  larselrai^ 
wfakb^  after  ccaimimieatiDg  e  few  fibttieiils  to  the  gim  n- 
mify  in  every  direction  between  the  cohMnne,  end  eend  ia 
souill  branched  upon  ee«sh  paititioii. 

The  electriod  &rgaM  af  the  GymnolUft  dectricos^  as  eg^ 
apEMoed  by  Hvvinm^t  ^Se€  omiMadA j  from  ibm^  id  Ait 
Torpeda  Thelaigest,  or  euperiorfirgaiiB,  MuMeachof 
a  aeries  of  thin  tender  si^9itmiies»  pandlel  to  one  hnethftr» 
extending lon^tudinally  the  whole  leogthof  the  crigpn; 
and, in  breadlJbtveachingftQin  their  oentni  t»  thedefndl 
susiaoe..  The  oq^penndfil  m^nbranea  are  ooocaire  donadU 
tik»  middle  oiieaaie.nM^yhariaoaital;  and  the  Manor  enaa 
are  ooQcave  atemad.  Their  demal  edgte  are  united  w^i 
ihe  akin  and  its  muadea,  thar  oential  edgea  with  the  mid- 
dle partitpoii,  the  air4N^y  and  thedorml  muades.  They 
are  farthest  diaUnt  from  each  other  at  their  decmal  edgapw 
and  gradually  nn^roai^  ^  they  proceed  to  their  eenlpdl  aw 
tachment  Where  the  organ  beeowea  nanowar  toMarda- 
the  tail,  two  of  the  memlx«9ea  someCiaaes  unite»  and  tacm 
into  an&  In  a  fiah,  ft  ieei  4  indues  in  leiigtht  thqr  aM 
j^thofan  ioeh  distant  from  one  another;  and  die.  whole 
organ*  where  broadest,  isiua.inchanda({iiaatfrinfaigeadtiv 
and  oontnins  thirtytfoiur  membranes*  In  the  infieKior  or 
smallee  orgao^  die  membranes  are  nearer  eaah  othar, 
only  about  I'^th  of  an  inch  Asunder.  The  si^esiar 
are  the  broadest,  and  they  deemve  in  iireadtk  the  nearer 
they  are  situated  totbe  vewlsal  Gne  of  tbaanimaK  In  boib 
organs  there  are  numerous  partitions,  diddiiig  the  i^aoea. 
included  between  the  difiieient  layens.  into  narrow  verticaal 
transverse  cells.  EadicellisinthefcNrmofaoompresaedquft- 


•  FhiL  Tnns.  1776,  p,  S99. 
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draagnlM^  ffyrmmd^  the  heigbt  of  wbich  is  eqiud-  to'  the 
bfeadlb  of' the  organ,  the  apnteentcod,  and  the  narrow 
sides  doMid  and  sCenHui  ThesepBurtitionsaresDctbsetoone 
anochdr,  asevvftto  appear  to  touch,  making  the  cells  ex* 
ceedmgfy  naiTow.  In  an  tndi  in  length,  there  are  about 
S40  partitions.  These  electrical  organs  have  no  peculiar 
eovenng,  being  attached  directly  to  the  surrounding  parts 
by  eelhilar  substance.  The  two  organs  on  the  ade,  are 
separated  from  each  other  by  a  thick  membranous  partition, 
reaching  ftom  the  skin  to  the  centre.  The  organs  are  li- 
benMy  supplied  by  bloodvessels.  The  nerves  are  nume- 
rous, and  arise  from  the  meduBa  spifudis  coming  iVom  it, 
in  pairs,  betwee'n  all  the  vertebrse  of  the  qfune.  Previoas 
to  reaching  the  d'gan,  they  give  out  filaments  to  the  mus- 
des  of  tfaie  bode,  and  afterwards  to  the  skin  and  air-bag. 
De  HcitTBE  was  unable  -to  trace  their  termination  in  the 
organ.itsdf* 

In  the  electrical  organ  of  die  Silurus  electricus,  aooordii^' 
to  GsoFFBOT,  the  structure  is  more  flknple  than  in  ther 
Toipedo  or  Gytnnotns.  It  connists  €i  a  bed  of  fihunents' 
wfaidi  cross  eadbi  other  in  every  direction,  and  form  meshes 
of  very  small  dim^isions.  The  wbde  is  covered  by  a  £• 
gamentous  menkbrane,  which  is  itself  covered  with  a  layer^ 
of  fat.  Thenerves  with  whidi  the  orffok  is  provided,  pro. 
ceed  ftom  the  eighth  pasir ;  but  are  not  so  large  inin^opoi'- 
tion  9B  in  the  ioirpeda 

When  the  hand  is  applied'  to  the  peculiar  c^gans  of  an 
eleotiical  fish,  the«ninld  is  observed  to  twist  its  body,  as  if 
about  t6  make  a  v^orous  nlUscular  exertion ;  and  a  be- 
numbing sensation  is  instantly  Mt  in  the  fingers,  and  even 
as  far  as  the  elbows.  This'  sensiEition,  howler,  is  not  al- 
ways felt,  as  the  animal  appears  to  exdte  it  only  when  ir- 
ritated,  or  otherwise  disturbed.     It  is  capable  of  making 

AaS 
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thu  beniimfaiDgeflfort  many  times  mauooesra  water, 

as  w^  as  in  the  air,  when  arrived  at  maturity,  and  even  pie> 
vious  to  the  natural  period  (tf  exclusion  fvom  the  uterus  of 
themother.  When  caught  in  the  net,  it  g^^es a  shock  to  the 
hands  of  the  incaurious  fisherman  who  ventures  to  seize  it. 
When  concealed  in  the  mud,  it  is  capable  cf  making  its 
teost  vblent  eflbits ;  and  is  aUe  to  benumb  the  limbs  to 
such  a  degree,  as  to  throw  down  the  passenger  who  inad- 
vertency places  his  foot  upon  the  body. 

Although  the  benumlnng  powers  of  the  torpedo  were 
Icnown  to  Plato  and  Abistotlx,  and  had  frequently  been 
proclaimed  by  the  verses  of  the  poet,  and  the  exaggented 
statements  of  the  fishennen,  it  was  not  until  the  doctrines  of 
electric!^  had  been  estaUished,  that  the  circumstances  un. 
der  which  these  were  exerted,  and  the'  e£kcts  irfiich  thqr 
produced,  were  investigated  with  any  degree  of  suoceaa. 
The  first  person  who*  turned  his  attention  particularly  to 
this  sulgect,  was  Mr  Walsh,  and  he  succeeded  in  denKm- 
strating,  that  the  animal  could  exert  its  benumbing  power 
at  pleasure,  and  that  the  shock  was  regulated  by  all  thoae 
circumstances  wluch  influence  the  discharge  of  the  dectric 
fluid  from  the  Leyden  phial^  in  other  words,  he  ffrfablirfiH 
the  identity  between  the  electric  fluid  and  the  benumfau^ 
power.  His  experiments  were  communicated  to  the  Boyal 
Society,  July  1. 1778  *.  According  to  the  experiments  of 
this  observer,  the  shock  of  the  torpedo  is  prevented  fay  all 
electrical  non-conductors,  as  glass  or  sealing-wax ;  while  it 
readily  passes  along  brass-wire,  water,  or  penons  whose 
hands  are  joined.  The  torpedinal  fluid  was  unaUe  to  force 
itself  across  the  minutest  tract  of  air,  or  fiom  one  link  of 
a  small  cfaaiB,  suqpepded  freely  to  another ;  or  through  an 
almost  inviribk  separatioo,  made  by  the  edgeof  a  penknile 

•  PhiL  Tnnfl.  ITTS,  p.  4€i. 
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• 

ID  a  Blip  of  dnfoil  fixed  on  sealing  wax.  The  animal  is 
capable  of  giving  its  shocks  in  the  sir,  as  weU  as  in  its  na- 
tural element  the  water.  Those  given  in  the  former  are 
even  much  stronger  than  in  the  latter,  owing  probably  to 
the  fluid  bdng  more  confined  by  the  summnding  medium. 
The  shock  b  given  with  the  same  degree  of  force,  even 
when  the  animal  is  insulated,  and  the  person  receiving  it 
likewise  insulated.  In  such  circumstances,  fifty  shocks 
have  been  reodved  in  the  space  of  a  minute  and  a  half. 
The  most  powerful  efiect  is  produced  by  these  organs, 
when  the  circuit  is  made  between  their  u^qper  and  under 
surfaces,  as  these  appear  to  be  in  opposite  states  of  electri- 
city. 

The  history  of  animal  electricity  received  some  valuable 
additions  from  the  experiments  of  Dr  Williamson  in  Phi< 
ladelphia  *,  on  the  Gymnotus.  He  found  that  this  animal 
could  communicate  its  shock  to  the  hand,  in  water,  even 
when  held  at  the  distance  of  three  feet  It  killed  small  fish 
by  the  shook,  without  coming  into  actual  contact,  and  stuin-  . 
ned  larger  ones  in  the  same  manner. 

In  both  these  fishes,  the  electrical  energy  is  insufBdrat  to 
produce  appearances  of  attraction  and  repulnon  in  the  most 
delicate  electrometers,  although  feeble  sparks  have  bean 
perceived  by  diflerent  observers,  in  consequence  of  using 
the  utmost  precaution  in  interrupting  the  circuit.  The  ani« 
mat  has  the  power  of  naaking  the  discharge  from  any  part 
<^  the  surface  of  its  peculiar  organ,  or  from  the  whole,  at 
pleasure ;  but  it  is  incapable  of  communicating  shocks  for 
any  length  of  time,  without  exhibiting  unequivocal  symp. 
toms  of  fatigue.  If  the  electrical  energies  of  the  fish  ar^. 
too  much  exdted,  it  becomes  debilitated,  and  expires. 


•  Pllil.  Trans.  1775,  p.  94. 
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The  iniuence  of  die  nerves  id  the  pmduction  ci  the 
dectriod  ahock  hes  been  exainuied  with  core  bj  Mr  Tod, 
and  the  results  which  hove  been  published  ^  throw  caam- 
deiaUe  U^t  on  die  mysterious  pnooess.  He  made  an  in. 
casion  on  each  side  of  the  cranium  and  gills  of  a  livel j  tor- 
pedo)  and  pushed  aside  die  efartrical  oigaiis  so  as  to  expoae 
and  divide  their  nervesL  The  animal  was  then  placed  in  a 
bucket  of  sea-water.  On  ezamming  it  ki  about  two  hours 
afterwards,  he  found  it  impossible  to  didt  shocks  from  it 
by  any  irritation ;  but  it  seemed  to  possess  as  mudi  activity 
and  liveliness  as  before,  and  lived  as  long  as  those  ammals 
tnsm  which  shocks  had  not  been  received,  and  wUch  had 
not  undergone  this  operation.  Two  of  these  animals  bang 
procured,  the  nerves  of  thus  electrical  organs  of  one  of  them 
were  divided  after  the  manner  above  described.  Th^  wck 
placed  eadi  in  separate  buckets  of  sea^water,  and  allowed  to 
remain  Undisturbed.  This  was  performed  in  the  morning; 
and,  when  examined  in  the  evening,  it  was  imposrible  to 
<hstingoish  between  the  hveliness  or  activity  of  either.  Of 
odier  two  of  these  animals,  the  nerves  of  the  dectrical  or- 
gans of  one  of  them  were  divided.  Bdng  placed  eadi  in 
separate  buckets  of  sea-water,  they  were  both  irritated  as 
wearly  alike  as  ppenble  From  the  perfect  aimnd,  shocks 
were  recdved :  after  frequent  repetition,  it  became  weak 
and  incapable  of  dischatging  shocks,  and  soon  died.  The 
last  shocks  were  not  peroepdUe  above  the  second  joint  of 
the  thumb,  and  so  weak  as  to  require  mudi  attentmn  to 
observe  them.  From  the  other,  no  shocks  ooukl  be  reodv. 
«d :  it  appeared  as  vivadous  as  before,  and  lived  until  the 
second  day.  This  experiment  was  firequendy  repeated, 
with  neariy  the  same  results.     The  nerves  of  one  electric 


*  Phil.  Trani,  ISIS,  p.  lSa--IUd.  1S17.  p.  3S. 
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ft  nniy  being  diviilad  in  « .fivdy  torpedo^  frdn  wMch 
^iioeks  had  been  pfevkmiy  reottved^  on  irritikuig  the 
■aaundy  A  wm  ttill  found  capable  of  comnniskatii^  the 
^boA.  Whether  theitt  was  any  dtffieraeoe  in  the  diq^ree  of 
kUeiiBity,  ooidd  not  be  dittincily  observed.  .  One  eleetficfed 
'M^gBn  being  akogether  remoired,  the  animal  bliU  ^xntinued 
capable  of  diflcbai^png  the  dectric  shocks  and  the  same  cir- 
^^umstance  took  pbce  when  only  one  of  the  nerves  ct  each 
electrical  organ  was  divided.  When  a  wire  was  introduced 
through  the  cranium  of  a  torpedo,  which  had  been  com- 
mumcating  shocks  very  freely,  all  motion  immectiately  ceas- 
^j  and  no  irritation  could  excite  the  electrical  shock. 

He  likewise  found  that  no  alteration  took  place  in  the 
eleotrical  condition  of  the  oigaos,  when  the  muscles  of  the 
SaoB  were  intersected.  When  the  oigans  themselves  were 
divided  by  a  longitudiafd  incision,  no  change  was  produced 
in  the  electrical  eneigies,  but  they  seemed  weakened  by  the 
removal  of  part  of  the  organ.  When  the  surfaces  of  the 
electrical  organs  were  denuded,  the  animal  could  still  give 
shocks ;  and  the  same  power  remained,  when,  by  incisions, 
no  other  attachment  existed  but  by  the  nerves. 

It  is  obvious,  from  all  the  drcumstanoes  which  have  been 
stated,  that  the  production  or  condensation  of  the  electric 
fluid  in  these  animals,  is  a  vital  action,  d^ndent  on  the 
will  of  the  animal,  and  acting  through  the  nerves  of  the 
^peculiar  organs.  The  power  appears  to  be  subservient  to 
the  continuance  of  life,  in  a  twofold  manner.  It  affords 
protection,  by  enabling  the  animal  to  benumb  its  foes,  and 
it  assists  in  procuring  food,  by  stunning  or  killing  the  small- 
er animals,  on  which  its  sustenance  depends. 

The  electricity  of  animals  which  dp  not  possess  peculiar 
•organs  for  ite  condensation,  has  not  been  investigated  with 
sufficient  care.    From  the  observations  of  Sactssuae,  Hem- 
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UKBy  and  ocben,  on  die  himiMi  body,  it  ajppeais  to  ▼aiy 
gmdy,  bong,  in  the  nme  individual,  sometimes  poailive 
and  at  other  times  negative,  and  liable  to  sudden  chflnge^ 
upon  any  quidc  modon  being  performed.  In  making  dieae 
obaarations,  there  is  some  difficulty  in  avoiding  the  efects 
of  finodon  of  the  doth^  and  other  circumstances  ibmgn 
to  the  natural  state  of  the  body, 

III.— Akimaj.  Heat. 

In  every  animal  there  b  a  certun  d^rce  of  heat  neoes* 
sary  to  its  existence,  and  the  full  exerdse  of  its  functions. 
/In  quadrupeds  and  Inrds  this  heat  b  consideraUy  great- 
er,  in  general,  than  the  surrounding  atmosphere,  while  in 
.fishes  and  the  animals  of  the  inferior  classes,  it  is  sddom 
very  different  from  the  temperature  of  the  olgects  widi 
which  they  are  usually  in  contact  The  ordinary  temperature 
of  the  human  body  is  rated  at  between  96°  and  98°  of  F. 
In  the  common  hen,  the  temperature  is  between  103°  and 
104°.  Those  animals  whose  temperature  is  high,  and  not 
greatly  influenced  by  the  changes  in  the  heat  of  external 
objects,  are  denominated  warm-blooded  animab.  Those, 
on  the  other  hand,  whose  temperature  is  greatly  influenced 
by  that  of  surrdundbg  objects,  are  termed  coU-bhodid 
animals.  In  both  classes,  the  temperature  is  r^^ulated  by 
the  vital  powers  of  the  animals,  and  limits  are  asagned  be- 
yond which  it  is  dangerous  to  pass.  The  range  of  warm 
blooded  animals  is  confined,  that  of  the  cold  blooded  exteo- 
nve.  Both,  however,  are  influenced  by  the  same  agents, 
and  appear  to  be  governed  by  the  same  general  laws. 

1.  When  an  animal  is  exposed  to  a  change  of  tempera- 
ture^  some  corresponding  change  likewise  takes  place  in 
the  heat  of  its  &ody.— The  propriety  of  establishing  this 
general  law,  is  sanctioned  by  the  experience  of  our  own 
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fed^gs,  aod  crafinned  by  a  varie^  of  decisive  experi- 
meats.  Dr  Citeris  ibiiiid  the  tempenrtura  of  a  nuui^ 
pluqged  into  oold  saltwater  at  44^,  to  sink  in  the  cbnrse 
4>r  a  aibute  and  a  half,  ai^  immerAoD^  fixxB  98^  to  8T»  airf 
in  other  experiments,  it  descended  as  low  as  86%  and  even 
83^  ^.  In  these  experiments,  the  pulse  sunk  fimn  70  beats 
in  a  nunute,  its  natural  state,  to  68  and  even  65 ;  and  after 
t!ie  first  irregular  action  of  the  diaphragm  from  the  shock  of 
immeraon  had  ceased,  the  breathing  became  r^^ular,  and 
unusually  alow.  When  the  himian  body  is  exposed  to  a 
higher  temperature  than  its  natural  standard,  a  conespood* 
ing  change  likewise  takes  place.  Dr  Fordyce  tried  a  vane. 
ty  of  experiments  on  this  subject.  By  exposing  the  body 
to  heated  air  in  a  dose  room  ^to  the  temperature  of  120^, 
and  in  some  oases  as  high  as  Sll%  the  heat  of  the  body 
loae  to  lOO^.  In  this  situation  the  pulse  beat  145  times  in  • 
a  minute.  No  change,  however,  was  produced  on  respira- 
tion, it  became  neith^  quick  nor  laborious  "f.  Similar  ex- 
periments have  likewise  been  performed  on  other  wamw 
blooded  animals.  Dr  Huktee  found  the  temperature  of 
a  oonunon  mouse  to  be  99°,  when  the  atmosphere  was  60°; 
but  when  the  same  animal  was  exposed  for  an  hour  to  a 
cold  atmosphere  of  15^,  its  heat  had  sunk  to  88°  {•  Dr 
Crawford  exposed  a  dog,  whose  natural  heat  is  101''  or 
109*,  to  water  whose  temperature  was  raised  to  112°,  and 
found  that  his  temperature  was  raised  to  108^  and  109^* 
In  air  at  180°,  the  temprature  of  the  dog  was  106°  §. 


•  Phn.  Trtni.  1792,  p.  199.  f  IWd.  1775,  p.  114. 

%  Ibid.  1778,  p.  21. 

g  PhiL  Trans.  1781,  p.  486.  The  venous  blood,  in  such  experiments, 
appeared  of  a  light  florid  colour,  like  the  arterial,  indicating  the  diminished 
acti<^n  of  the  capillary  vessels  upon  the  blood. 
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Pram  those  expennMails  it  appears,  thet  tlie  tempentfafe 
c£  the  hnnuHi  bodysMiy  be  iwed  4<^  Aote  its  urtmri 
Jtndaid,  and  mink  15^  bdow  it,  bj  the  opeMtton  ot  ex* 
tomal  cJwniimteiiCML  In  tbe  mmee,  the  tent  nwdiiiii- 
rahed  lO^*  bebw^  aad  in  the  dog,  raiaed  7^  abov^  the 
natural  slasdanL 

The  same  law  extends  to  the  coidJdooded  aailiiala.  Dr 
HnmiR  found  the  tanperatuve  of  a  healthy  viper,  when 
eipoaedtolOff',  MetoM$'';  and  the  Mane  aaiaidl,  when 
placed  in  a  tempeiatura  of  between  l(f  and  SO^,  bad  its 
heat  sunk  taSr,  8fi%  and  even  SV*. 

It  is  m  consequence  of  the  unfieasing  influence  exerted 
on  the  animal  frame,  by  the  varying  tenqpentuie  ct  aur- 
roonding  objects,  that  thediffarent  parte  of  the  body  are 
seldom  of  the  same  degree  of  heat  The  stomad^  heart, 
and  liver,  are  always  nearest  the  standard,  the  oth£r  parts, 
which  are  more  remote,  var3ring  one  or  two  diegrees  m  the 
wann4>kK)ded  animals,  when  not  greatly  acted  upon  by 
deranging  causes. 

S.  When  the  body  ii  eajMed  to  a  iempenk^e  grmify 
above  the  ordSmairy  eUmdard  of  Ae  ammei,  a  eamtamtA' 
kng  i»^luence  is  exerted,  and  cold  ie  gener^ed^^^In  aU  rnn- 
mals,  whether  hot  or  cold  blooded,  the  heat  may  lie  raised 
a  limited  number  of  degrees.  But,  even  when  the  ater- 
nal  temperature  continues  high,  the  heat  of  the  body  re- 
mains stationary  at  its  maximum  of  devation  *f .     Thus,  is 


*  PhiL  Trans.  1778  p.  25. 

t  Governor  Eu.it,  in  a  letter  to  the  celebrated  Jobv  Ellm,  dated  peor- 
gia,  I7th  July  17£8,  makes  a  digfat  reference  to  this  law,  which  was  after, 
wants  developed  by  Dr  Fobaygi.  «^  I  have  frequently  (says  the  Governor) 
walked  an  hundred  yards  under  au  uinbreUa,  with  a  thennometer  suspended 
from  it  by  a  thread,  to  the  height  of  my  nostrils,  when  the  mercury  has 
rose  to  105** ;  which  Is  prodigious.     At  the  same  time,  I  have  confined  this 
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]>p .F<MiAT€s's  ezpmnents,  tbeJuai'of  the  hiMttaa. body, 
in  a  Ugh  temperature,  jfteodily  nnchcd  108^,  iittt  ,esfeh 
sure  to  Sll*"  ilid  not  taim  it  higher  *  The  temptmtme 
4£thedogooold  be  raised  no  bi^^  than  HtSf,  though 
Bxpoaed  to  IISP.  The  vijper,  jduNigh  exposed . to  a  tena«. 
fMBBtwe  of  108°,  only  had  its  heat  ratted  to  Mi^  .Here, 
theii,  it  is  obvious,  that  the  body  of  « living.  jmiaMd  isoap»- 
ble  of  reasting  the  influence  of  a  high  temperatuce,  and 
Eanaatning  cpmparattvdy  cool,  though  eacposed  to  a  heating 
eause.  That  the  body  is  not  kept  oool  by  enqpofsticMi,  is 
demoBstiated  by  a  variety  of  cbcumstaDfics.  In  Dr  Foa^ 
DYC&^s  experiments,  wkh  Us  body  in  heated,  air,  ,vater 
poored  down  in  streams  over  Us  whdie  surfaoe.  J9ut  that 
dM  water  was  ineidy  the  vapour  of  the  room, .  condensed 
1^  the  ooldnefli  of  his  skin,  iqipearfd  dear,  fixmihis  having 
fifUiei,  a  Floreoee  flask  fiDed  with  water  of  the  same  tem- 
perat|ire  with  Us  body,  viz.  .100°,  when  he  dbierved  the 
^ajpoiir  in  like  manner  oondense  upon  its  sur&oe,  and  run 
^dbwn  the  sidoi  in  streams.    Besides,  the  odd  is  generated 


instmnwDt  doie  to  the  botest  part  of  my  body,  and  have  been  aBtOnisbttl  to 
obaerve,  that  it  has  subsided  several  degrees.  Indeed,  I  never  could  raise 
the  mercury  above  97*  with  the  heat  of  my  body.**.  PhiL  Trans.  175S, 
pu75& 

*  Dr  Blaodbx,  who  assisted  in  performing  these  experiments,  observes, 
<'  Being  now  in  a  situation  in  which  oar  bodies  bore  a  vety  diflTerent  rela- 
tion to  the  surrounding  atmosphere,  from  that  to  which  we  ha4  been  accns- 
toned,  cvwy  ttmsent  pweoted  a  new  pbeoomenoot  Whenrvar  w«  bfeath- 
ed  on  a  thermomatar,  the  quicksilver  a«nk  several  degrees.  Eveiy  expim- 
tipn,  particulaily  if  made  with  any  degree  of  violence,  gave  a  veiy  pleasant 
impression  of  coolness  to  our  nostrils,  scorched  just  before  by  the  hot  air 
rushing  against  them  when  we  inspired.  In  the  same  manner,  our  now 
ccUd  breath  agreeably  cooled  our  fii^gers  whenever  it  reached  them.  Upon, 
touching  my  side,  it  fUt  cold  like  a  corpse.**    PhiL  Ttans.  1 776,  p.  US. 
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whedior  tbe  air  18  mbiit  or  diy .  Aad  in  the  cue  €if  frags 
«Ad  AogB,  Dr  Cbawfosd  found  that  the  cold  was  generaEU 
ad  even  when  the  body  was  immersed  in  wato*. 

Even  when  the  heating  cause  is  apfdied  cxily  to  a  par- 
tieukr  part  of  the  body,  as  (in  the  experiments  ct  Dr 
HirvTER)  to  the  urethra,  its  tamperatnre  is  not  inrroas 
ed  b^ond  that  degree  to  which  the  whcde  body  may  be 
nosed. 

In  all  these  experiments  in  which  the  body  b  exJMiaed 
to  a  high  temperature,  the  generation  of  cold  is  eficted  by 
a  great  expenditure  of  the  vital  energy.  Henoe  a  great 
degree  of  weakness  is  produced  by  oontinuii^  the  effort. 

As  the  power  of  the  whdb  body  for  the  pcoduetian  of 
cold  appears  to  be  limited,  so  is  likewise  the  power  of  par«> 
licular  parts,  ^<  winch  (says  Bi^odbn  *)  may  be  one  rea. 
son  why  we  can  bear  fot  a  certain  time,  and  much  longer 
than  can  be  necessary  to  fully  heat  the  cuUdCy  a  degree  of 
heat  whidi  will  at  loagth  prove  intolerdble.^  It  is  proba- 
ble that  this  power  of  the  human  body  is  greatly  inBueiir 
ced  by  habit,  in  the  case  of  washer-women,  whose  hands 
are  frequently  immersed  in  warm  water,  and  glass-blowers, 
whose  bodies  are  exposed  to  a  degree  of  heat,  whidi  to 
others  would  prove  paipfol. 

S.  When  ffie  body  is  exposed  to  a  temperaiure  greoAf 
hwer  than  the  ordkium/  standard^  a  counieracting  tfj^fe- 
ence  U  exerted,  and  heaiis  ffeneraied. — ^In  the  experiments 
already  quoted  it  appears  evident,  that  there  is  an  inferior 
as  well  as  a  superior  limit  to  the  change  of  temp»»ture  in 
living  bodies,  from  the  influence  of  surrounding  objects. 
In  the  experiments  of  Dr  Cubkis,  the  heat  of  the  human 

•  PhU.  Tnma.  1775,  p.  121. 
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fcody,  in  ooe  instanoe,  sunk  rapidly  from  96^  to  STy  wk&t 
placed  in  water  at  M^,  but  at  die  end  of  twelve  iteiniiteft  it 
vote  to  98|^  In  another  experiment,  in  water  of  the  aaMe 
temperature,  the  beat  of  the  body  feQ  from  96^,  in  the 
course  of  two  nunutesto  88%  but,  at  the  end  of  thirteen  mi^ 
Butes,  it  had  risen  to  90°.  Dr  Huntbe  found  that  a  dor- 
mousey  whose  heat,  in  an  atmosphere  at  64%  was  81$% 
when  put  into  air  at  SCT,  had  its  temperature  raised  in 
the  course  of  half  an  hour  to  99^ :  an  hour  after,  the  air 
being  80^,  it  was  still  9S°:  at  another  hour  after,  the  air 
being  19^,  the  heat  of  the  pelvis  was  as  low  as  88^,  but 
the  animal  was  now  less  lively.  In  this  experiment,  the 
dormouse  had  nuuptained  its  temperature  about  seventy 
degrees  higher  than  the  siinounding'  medium,  and  for  the 
space  cf  two  hours  and  a  half. 

In  the  oold.blooded  animals,  heat  is  generated  under  si- 
milar cbeumstances.  Huntek  found  that  the  heat  of  a 
viper,  placed  in  a  vessel  at  10^,  was  reduced  in  ten  minutes 
to  87^,  in  other  ten  minutes,  the  vessel  being  18^  to  86^, 
and  in  the  next  ten  nunutes,  the  vessd  at  90*^  to  81^.  In 
frogs,  he  was  Me  to  lowor  the  temperature  Ukewise  to 
81^,  but  beyond  this  point  it  was  not  possible  to  lessen  the 
heat,  without  destroying  the  animaL 

When  the  cooling  cause  is  applied  to  particular  parts  of 
the  body,  the  heat  dP  these  parts  sinks  lower  than  the  mini, 
mum  of  depressed  temperature  of  the  body.  Althou(j^ 
HoNTXB  was  unable  to  heat  the  urethra  one  degree  above 
the  maximum  of  the  elevated  temperature  of  the  body,  yet 
he  succeeded  in  ooolmg  it  twenty*mne  degrees  lower  than 
the  minimum  of  deprascd  temperature,  viz.  to  68^,  Ho 
succeeded  in  cooling  down  the  ears  of  rabbits  until  they 
finoze,  and  when  thawed,  they  recovered  their  natural  heat 
and  drculation.  The  same  experiment  was  performed  on 
the  comb  and  wattles  of  a  cock.     Though  he  found  that. 
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hriiMuiy  imtano^s,  prirts  of  aninlttk  wkkk  had  famf  fnteeft 
recotgwA  their  functkms  wken  thAwed^  yet  m  mo  ctfae  did 
noovery  take  {dace  when  the  wliofe  bo^  had  been  fain 

The  eiblts  of  the  body  to  geoemte  heat»  when  thus  fgg^ 
psmei  to  a  edU  medidin,  rapidly  ezhamt  the  vital 
aad-  wheal  theae  cease  to  be  niade^  or  hare  beedn^  too  \ 
to  adDOMpliA'  thrir  ohjiBct,  the  temperatore  Biakiy  andfieeSi* 
'mg  and  death  wnMikaneouaily  take  pbee. 

Dr  HvMTEB  found,  that  even  egga  poaaeased  tUa  power 
of  generatiiig  heat,  when  expoeed  to  a  cooling  niediuin.  .An 
egg  which  had  be«  ftozen  and  thawed,  was  putinto  aoold 
mil^tur^dong  with  one  newly  laid.  The  fiwsh  one  wasieven 
nflonutes  and  a  half  longer  in  fveedng  than  the  other.  laano* 
ther  experiment,  a  fipeah  had  egg,  and  oneivfaidi  had  been 
froaen  and  thawed,  were  put  into  a  cold  mixture  at  15^  ; 
the  diawed  one  soon  came  to  M^,  and  began  to  swell  and 
congeal ;  the  fresh  one  sunk  to  99^%  and  in  twenty-five 
mimited  after  the  dead  one,  it  rose  to  AV",  andbegsnta 
swdl  and  fteeae  *.  During  these  twenty4ive  minutes,  k 
must  have  generated  a  very  great  deal  of  heat,  befioce  it 
yielded  to  the  influence  of  the  odd  mixtuie. 

In  what  manner,  it  may  now  be  ad:ed,  are  these  extiaar- 
dinary  capabilities,  of  varying  the  tempensture,  maintained 
and  rqrulafeed  in  the  animal  frame? 
-  The  influenoe  of  the  cukmecmg  system  in  modifying  the 
heat  of  the  body,  is  very  considerBble.  The  skin  ia  a  biMl 
conductor  of  caldric,  and  consequendy  [mtects  the  inter* 
nal  organs  ftom  the  sudden  influence  of  heat  or  coUL  In 
the  performance  of  this  function,  the  cutide  and-  its  qipen* 
dices  act  a  oonspicuoua*  part;  In*  the  warm-Uooded  ani- 
mals, we  observe  th^r  bodies  covered  with  hairorfeatfaen, 
and  these  in  the  greatest  abundance,  where  the  parti  atand 
most  in  need  of  protection.     Among  these  animals,  the 


•  PMI.  Tniifc  1778,  p.  t9,  S^. 
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HFhalesi  aktte  wre  dertkute  of  hair.  But,  beaUcs  the  pto» 
teotba  yidded  bjr  the  extnardinary  thickaeis  of  the  akin^. 
and  the  Iqror  of  fat  (likewiae  a  bad  oonductor)  wkh  whidb 
k»  i&ievior  is  lined,,  theae  aniouda  reaide  ocnatantly  in  the 
water,  and  ace  in  a  great  .meaaupe  protected  by  the  uni* 
tatm  temperature  of  that  element.  The  aeab,  beaxa*  and. 
walruses,  on  the  other  hand,  which  seek  their  food  in  the 
same  aeaa,  are,  neverthdeaa,  obliged  to  come  to  land  to 
alcep  and  fating  forth  their  young,  and  conaequently  have 
a  coating  of  hair,  to  paoteet  them  fiom  the  Tarying  tem^ 
peratuie  of  the  .atmoaphere  in  which  thqr  occanonally  ao- 
joanL  In  the  mammalia,  the  quanti^  of  hair  on  the  body; 
ia,  in  general,  ptoportaenal  to  the  cold  of  the  climate  in. 
which  they  reeade.  The  aaagie  law  does  not  aeem  to  pre« 
vail  to  the  aame  extent,  in  regard  to  the  quantity  of  fca- 
diers qa  thebisda^of  different dimatea. 

The  influence  whidi  the  muacular  ayatem  ezerdaea  overt 
the  heat  of  the  body,  b  of  great  extent.  When  we  exeft 
ooraelvea  in  qwaking,  walking,  or  running,  our  animal  heat 
ia  kept  at  its  natural  standard,  even  when  the  body  is  ex* 
poaed  to  a  great  degree  of  cold  On  the  other  hand,  if, 
while  the  body  ia  expoaed  to  the  cooling  in(hamf<»Qf  alow 
temperature,  we  remain  at  teat,  our  heat  is  speedily  dimi- 
niahed,  and  weare  aiouaad  ta  actioa  by  the  painfid  afnaai 
tiona-ofcold.  During  aleep^  our  tempenture  sinks  a  fittle,.'. 
obviously, .  in*  oonaequenoe  of  our  atale  of  reat  But.  toi 
guard  againat  the  prejudiciBL  effiwia  which  mi^t  foBow,  we> 
obaerve  dl  allimal>^  :befoie  going  to  aleep,  retire  to  aocb 
plaeaa,  or  aaaume  such  poaitiona,  aa  aie  best  calcwlared  to> 
protect  them  from:  the  cooling  influence  of  external  olgeota. 

The  nervoua  ayfatem  likewise  exercises  a  great  ccAitioiit 
ofer  animal  temperature.    Aa.it  influences  reqpimtioa% 

•  PUL  Tnoa,  ISll,  f.  Sa  i-sml  IglS,  ^  S78. 
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and^  by  means  of  respiratioii,  the  action  of  tlie1ient«  aai 
ooDfl^quently  tha  whole  ciiculatkig  systen, — as  it^ezer^ 
dies  likewise  an  unlimited  controal  oyer  the  arteries  )uid 
glands  in  the  office  of  secredon,  it  may  be  said  to  regukte 
dl  the  movements  of  vital  actioo,  and  consequently  the  pro- 
duetion  of  that  temperature  requisite  for  the  oontinuaBce 
of  existence. 

The  digestive  system  is  destined  to  ftimish  the  means  by 
whidi  the  vital  enei^es  are  to  be  recruited,  and  its  indirect 
influence  over  the  power  of  an  animal  to  regulate  its  tem- 
perature, must  be  considerable.  In  Dr  Cueeib^s  experi- 
ments already  quoted,  the  body,  which  had  been  mudi 
cooled- by  exposure  to  cold,  was  most  cpeedily  restored  to 
its  natural  warmth,  and  made.comfcurtable,  by  the  ajqplica- 
tion  of  a  Madder  of  hot  water  to  the  pit  (tf  the  stomach. 
In  one  case,  during  the  application  of  the  cold,  the  ptfson 
complained  of  a  coldness  and  faintness  at  the  stomadi. 
Hence  this  observer  concluded,  that  there  was  some  peculiar 
connection  of  the  stomach,  or  of  the  diaphragm,  or  both, 
with  the  process  of  animal  heat 

The  changes  which  take  place  in  the  drculating  system, 
viewed  in  connection  with  aiumal  heat,  are  not  so  great  as 
might  have  been  expected.  In  reasting  the  application  of 
heating  media,  Dr  'Foedtce  found  the  circulation  of  the 
blood  to  proceed  very  rajndly,  as  his  pulse  gave  145  beats 
in  a  minute.  ^*  The  external  circulation  was  greatly  in- 
creased ;  the  veins  had  become  very  large,  and  an  univer- 
sal redness  had  diffused  itself  over  the  skin.^  With  this, 
increased  rapidity  of  drculation  in  the  blood,  there  was  no 
change,  however,  produced  in  the  frequency  of  respiration. 
In  Dr  CuRBiE^s  experiments,  where  the  body  was  exposed 
to  a  cooling  medium,  and  where  a  considerahle  quantity  pf  , 
heat  must  have  been  generated,  the  ordinary  vdodty  of  the 
blood  was  diminished,  and  the  breathing  became  unusual- 
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ly  slow.  'In  Mr  Bbodie's  experiments,  in  which  respira- 
tion, w^  kept  up  by  artificial  meanv  after  the  animal  (a 
rabbit)  had  been  killed,  he  found  the  heat  of  the  body  to 
diminish  as  rapidly  as  in  a  dead  animal  of  the  same  kind, 
in  which  no  attempts  were  made  to  keep  up  the  respiration. 
Yet,  in  the  animal  in  which  artificial  respiration  was  carried 
on  the  heart  continued  to  beat  for  nearly  two  hours ;  the 
blood  circulated,  and  was  changed  from  arterial  into  venous 
blood  in  the  capillary  vessels ;  it  was  aerated  in  the  lungs, 
and  carbon  given  off  equal  in  quantity  to  that  which  is 
evolved  in  a  natural  state ;  and  the  aerated  blood  had  the ' 
usual  florid  colour  *. 

The  changes  which  take  place  in  the  temperature  of  the 
body,  in  consequence  of  morbid  states  of  the  organs,  are 
calculated  to  throw  some  light  on  this  mysterious  secretion. 
Where  the  nerves  leading  to  particular  members  are  com- 
pressed or  injured,  these  soon  become  cold,  in  comparison 
with  the  rest  of  the  body,  although  the  circulation  of  the 
blood  (the  only  means  by  which  any  heat  is  communicated  to 
them)  continues  as  usual.  This  is  frequently  exhibited  in  the 
case  of  paralytic  limbs.  In  a  gentieman  who  was  seized  with 
an  apoplectic  fit.  Hunter  says,  that  ^*  while  he  lay  ia- 
sensible  in  bed,  and  covered  with  blankets,  I  found  that 
his  whole  body  would,  in  an  instant,  become  extremely 
cold  in  every  part ;  continue  so  for  some  time ;  and,  in  as 
short  a  time,  he  would  become  extremely  hot.  While  this 
was  going  on  for  several  hours  alternately,  there  was  no 
sensible  alteration  in  his  pulse  f.'^  Dr  Curkie  states  an 
equally  remarkable  case :  ^^  I  have  seen  a  young  woman, 
once  of  the  greatest  delicacy  of  frame,  strock  with  madness, 
lie  all  night  on  a  cold  floor,  with  hardly  the  covering  that 
decency  requires,  when  the  water  was  frozen  on  the  table 
by  her,  and  the  milk  that  she  was  to  feed  on  was  a  mass 


•  Phil.  Trans.  1S12,  p^  378.        f  ^^^'  ^775,  p.  458. 
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of  ice  *.^  The  quantity  of  beat  evolved  dunng  die  in^ 
flamniation  dfanjr  particular  part,  is  probably  mudi  greater 
than  is  generally  supposed.  J>r  Thomson  found  tlist  a 
small  inflamed  spot  in  his  right  groin,  gave  out,  in  the 
course  of  four  days,  a  quantity  of  beat  sufficient  to  have 
heated  seven  wine  pints  of  vater,  from  W  to  218^.  Yet 
the  tempemture  was  not  sensibly  less  than  that  of  the  rest 
of  the  body  at  the  end  i^  the  experiment,  when  the  influn- 
mation  had  ceased  -f*. 

Two  hypotheses  have  been  devised  to  account  for  the 
wigin  of  animal  heat.  The  first  is  that  of  the  justly  ce- 
lebrated Dr  Black.  He  supposed  that  .the  spedBc  beat 
of  oxygen  gas  was  greater  than  that  of  carbcHiic  add  gas, 
and  consequently,  when  the  former  was  converted  iixto  the 
latter  in  the  lungs,  a  quantity  oi  latent  caloric  would  be 
disengaged,  sufficient  to  heat  the  parts  in  contact,  more 
especially  the  blood,  which,  by  its  circulatioD,  would 
likewise  eonununkate  its  high  teinperature  to  the  distant 
parts  of  the  body.  As  the  lung9,  however,,  are  not  wirmer 
than  the  neighbouring  viscera,  it  wa»  supposed  that  they 
were  kept  cool  by  the  evapcwatioB  of  the  pulmonary  va- 
pour. When  the  quantity  of  oxygen  consumed  in  re^nra- 
tion  is  compared  with  the  whole  of  the  aaeote,  and  the 
remaining  unchanged  portion  of  the  oxygen  of  the  «r» 
which  have  their  temperature  rused  forty  or  fifty  de- 
grees,—-when  the  quantity  of  heated  viqppur  given  off  by 
the  lungs  and  the  skin  is  consjderftd,-— wbqi  we  like-^ 
wise  estimate  the  portion  of  heat  abstracted  bom  the 
body  by  contact  and  radiation ;  we  clearly  percdvc^  that 
all  the  heat  which  the  oxygen  ccmsumed  can  impart^  (sup- 
posing the  inference  respecting  its  spedfio  heat  to  be  just,) 

•  PhO.  TmiM.  1792,  p.  ^18,  f  AnnaU  of  PhiL  voL  ii  p.  27. 
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b  far  from  sufficitot  to  supply  the.quantity  which  is  con- 
stantly abstracted.  But  the  hypothesis  has  fallen,  by  at- 
tacks in  another  direction.  Dr  Cbawfobd  inferred  from 
fais  experiments,  that  the  specific  heat  of  oxygen  was  as 
4.7490,  carbonic  acid  1.0454,  azote  0.7986,  atmospheric 
air  1.7900.  The  more  recent  and  accurate  experiments 
of  MM.  Delarochb  and  BsRABn,  however,  have  esta- 
blished the  relative  spedfic  caloric  of  the  same  gases  as  fol- 
lows:  Oxygen 0.2861,  carbonic  add  0.8210,  azote  0.2754, 
atmospheric  air  0.2669.  It  follows  from  these  experiments, 
therefore,  that  the  quantity  of  heat  given  out  by  oxygen 
during  its  conversion  mto  carbonic  add  gas,  would  be  in- 
suffident  to  heat  the  residual  air  that  is  expelled  ip  breatlv- 
ing  to  its  ordinary  elevation,  and  consequently  could  con- 
tribute nothing  towards  sustaining  the  high  temperature  of 
the  body. 

The  objection  that  had  been  brought  against  the  hypo- 
thesis of  Black,  that  the  Itmgs  wero  not  hotter  than  the 
rest  of  the  body,  was  attempted  to  be  obviated  by  Dr  Cbaw- 
FOBD,  who  assumed,  from  his  experiments,  that  the  specific 
caloric  of  arterial  blood  was  1.0800,  and  that  of  venous 
blood  only  0.8928,  and  inferred,  that,  during  the  conversion 
c^  the  former  into  the  latter,  in  the  course  of  circulation,  a 
quantity  of  heat  must  be  set  free ;  and  as  this  conversion 
takes  place  in  every  part  of  the  body,  heat  must  consequent- 
ly be  every  where  disengaged.  But  the  basb  of  this  hypo- 
theds  has  not  been  demonstrated  to  be  true.  It  is  next  to 
impossible,  by  the  methods  at  present  known,  to  deter- 
SEune  with  any  degree  of  accuracy  the  relative  spedfic  heat 
of  arterial  and  venous  blood ;  and  the  concludons  of  Craw- 
FOBD  on  the  subject,  differ  widely  from  those  of  Dr  John 
Davt  already  quoted  *. 


•Piig«353. 
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But  admittiDg  the  principles  aa  which  the  opinions  of 
Black  and  Crawfokd  rest,  it  will  he  seen,  from  the  omdi- 
tions  of  the  problem  which  have  heen  stated,  that  they  oC> 
fer  no  explanation  of  many  of  the  changes  which  occur. 
Nay,  it  may  be  affismed  mth  eonfidence,  that  the  support- 
ers of  these  opniona  ha^e  not  put  thenneWes  to  any 
trouble  in  order  to  obtain  a  knowledge  of  these  ocxiditions, 
but  have  suffered  themselves  to  be  seduced  by  the  expla- 
nation they  seemed  to  afford  of  some  of  die  phenomenai 
In  consequence  of  this  n^lect,  a  theory  which  was  long  the 
boast  of  the  chemist,  has  been  rejected  as  viaonary ;  and 
the  disappointed  physiolo|^  is  now  left  to  re-examine  the 
properties  of  that  vital  prindple  he  had  inconstderatdy 
abandoned. 

In  the  present  state  of  physiological  science,  no  ratioDai 
theory  can  be  offered  to  account  for  the  production  and 
regulation  of  animal  heat   Perhaps  the  changes  which  take 
place  in  the  fiUiids  of  animals  may  occasicm  a  disengage^ 
ment  of  heat  or  coldj  in  consequence  of  the  diffieroice  in 
their  capadties.     But  a  variety  of  other  circumstances  ap- 
pear to  operate.    Theoomprcssion  of  the  air  in  the  lungs  ia 
the  act  of  breathing,  and  the  compresaon  of  the  blood,  by  the 
muscular  power  of  the  heart  and  arteries,  may  likewise  ex- 
ercise some  influence.   We  are  inclined  to  believe,,  however, 
that  the  principal  source  of  animal  heat  may  with  i»x^e^ 
be  referred  to  the  electrical  changes  which  accompany  those 
endless  combinations  and  decompositions  which  take  [dace 
in  the  system  through  the  whole  of  life,  changes  whidi  are 
necessary  to  the  wdlbeing  of  the  principle  of  life,  and  de- 
monstrated to  be  subject  to  its  control 
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CHAP.  XV. 

Repeobuctitb  SrSTEH. 

TThb  organs  which  we  have  hitherto  been  considering, 
Tefer  exclusively  to  the  individual,  and  are  necessary  to 
the  support  of  the  system  throughopt  the  whole  of  life ; ' 
those  which  now  claim  our  attention,  do  not  refer  to  the 
wants  of  the  individual,  but  are  subservient  to  the  continua- 
tion of  the  species.  The  instincts  by  which  the  organs  of 
reproduction  arc  governed,  have  been  already  enumerated, 
when  treating  of  the  active  powers  of  the  mind;  At  pre- 
sent, it  only  remains  for  us  to  enquire  into  the  different 
modes  by  which  animals  are  propagated,  and  the  various 
organs  which  are  called  into  exercise  in  eaeh. 

The  Amplest  mode  of  generation  does  notrequire  sexual 
organs  for  the  accomplishment  of  its  purpose.  Part  of  an 
individual  drops  off,  and  speedily  exercises  the  functions  of 
an  independent  'being.  This  is  termed  Creneration  by  Spon- 
taneous Divifflon.  In  other  eases,  a  bud  is  produced  from 
the  surface,  Which  gradually  evolves,  drops  off  from  the 
parent  when  ripe,  and  begins  to  exhibit  a  separate  life. 
This  is  termed  Gemmiparous  (feneration. 

In  those  animals  which  possess  peculiar  organs  for  the 
preparation  of  the  germ  or  ovum,  some  are  Androgynous*, 
and^tber  have  the  sexual  organs  incorporated,  and  capa- 
ble of  generating  without  assistance,  or  the  sexual  organs 
are  distinct,  and  the  union  of  two  individuals  is  necessary 

*  mi^'9yv9§t^  man-woman. 
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for  mutual  impr^rnation :  others  have  the  sexual  organs 
separate,  and  on  different  bdividuals.  The  young  of 
sueh  animals  are  either  nourished  at  first  by  the  store  of 
food  in  the  egg,  or  by  the  circulating  juices  of  the  mother. 
Those  species  in  which  the  former  arrangement  prevails 
are  termed  Oviparous,  wUle  the  term  Viviparous  is  restrict- 
ed  to  the  latter.  As  the  oigans  of  reproduction  are  dis- 
played in  the  greatest  perfection  in  those  animals  with  dis- 
tinct sexes,  we  shall  proceed  to  consider, 

I.  ViYiPABOUs  Animals. 

Quadrupeds  alone  are  truly  viviparous.  The  manner 
in  which  the  foetus  is  nourished  previous  to  birth,  the  pe- 
culiar ccHifiguration  of  the  sexes,  and  the  nature  of  the  re^ 
productive  organs,  indicate  an  arrangement  few  the  genera^ 
tion  of  quadrupeds  to  wluch  there  is  nothing  analogous 
among  the  rest  of  living  beings. 

Befiire  entering  upcm  die  coneoderation  of  the  structure 
of  the  peculiar  organs  empbyed,  and  thdr  functions,  it  is 
scarcely  necessary  to  remaric,  that  it  is  the  business  oS  the 
FemtdCy  in  all  animals,  to  prepare  the  ovum  or  germ,  and 
bring  it  to  maturity.  For  this  purpose,  the  gam  is  pro- 
duced  in  the  ovarium^  farther  perfected  in  die  fUerus  or 
matrix,  and  finally  expelled  fixan  the  system  through  the 
vagina.  The  office  of  the  Male  is  to  impregnate  the  germ 
by  means  of  the  spermatic  fluid.  This  fluid  is  secreted  in 
the  testicles,  transmitted  by  the  spermatic  ducts,  and  finally 
conveyed  by  the  external  organ  to  its  ultimate  destination* 
In  proceeding  to  our  account  of  the  reproductive  organs  in 
viviparous  aiumals,  we  shall  first  consider  those  which  are 
peculiar  to  the  male  sex,  and  afierwards  those  by  whidi 
die  female  is  characterized. 

1.  Male  Organs. — ^The  spermatic  fluid  is  secreted  in 
two  glandular  bodies  which  are  called  the  testicles.    These, 
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'when  they  occur^  externally,  are  contained  in  a  seroktm 
formed  by  the  common  integuments.  They  are  envebpeA 
by  two  coats,  the  first  of  whicb«  termed  the  tunica  vagina^ 
Ks^  is  derived  from  the  pentoneunij  and  the  second^  called, 
from  its  white  ootour,  tunica  Muginea^  is  merely  a  reflect- 
^  duplicature  of  the  fbimer.  Thds  second  coat  adheres 
closely  to  the  surface  of  the  testicle,  and  is  only  in  union 
with  the- first  in  a  line  on  the  dorsal  edge  *. 

Each  testicle  is  usually  of  an  oval  form,  and  of  a  firat 
compact  substance,  conasting  of  an  infinite  number  of 
ramifications  of  arteries  and  veins,  termed  spermatic^  unit- 
ed together  by  a  cellular  substance.  The  ^fctynatic  tubes 
take  thrir  rise  in  different  parts  of  the  testicle,  and  gradu- 
ally uniting,  at  last  emerge  from  its  body,  in  the  form  of  a 
«ngle  canal,  termed  the  spermatic  duct.  This  duct,  which, 
at  its  commencement,  where  it  is  exceedingly  convolu- 
ted,  adheres  to  the  surface  of  the  testicle  by  cdlular  sub- 
stance, and  is  in  part  covered  by  ihetumca  aibuginaM,  is 
termed  I^pididt/mia.  The  remaining  part  of  the  spermatic 
duct,  termed  Vas  de/irensy  usually  preserves  a  straight 
course  towards  the  base  dt  the  urethra,  where  it  terminates. 
In  many  species,  however,  it  is  slightly  tortuous,  and  its 
walls,  in  some  cases,  assume  a  considerable  degree  of  thick- 
ness, and  become  obviously  glandular.  In  a  few  instances, 
it  is  enlarged  in  its  diameter  towards  its  t^mination.  The 
spermatic  ducts  usually  teraiinate  at  the  base  of  the  urethra, 
but,  in  some  cases,  they  are  continued  to  the  extremity  of 
the  penis. 

1 

*  In  Uie  hiunan  foetus,  the  testes  are  at  first  lodged  in  the  belly,  and  onty 
descend  into  the  scrotum  a  little  before  birth.  In  some  instances,  the  de- 
scent never  takes  place.  This,  however,  is  unnatural,  but  in  many  animals 
termed  tettkojidiy  the  testes  are  always  internal,  and  in  a  few  the  descent  is 
periodical. 
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Besides  these  organs,  there  are  others  whidi  appear  to 
be  necessary  towards  perfecting  the  seminal  fluid.  These 
are  the  Seminal  Vesicles,  the  Prostate  Gland,  and  Cowper> 
Glands.  The  Seminal  vesicles  are  two  in  number,  oorre- 
qwnding  with  the  spermatic  ducts*.  In  some  cases  their 
cavity  is  «nq)k,. while  in  others  it  is  divided  into  numenxis 
sacs,  united  together  by  cellular  substance.  The  walls  of 
these  vesicles  are,  in  some  animals,  thin  and  simple,  and 
lined  with  a  continuation  of  the  mucous  membrane  of  the 
urethra ;  while  in  others  they  are  thick  and  glandular,  and 
are  evidently  destined  for  secretion.  These  vesicles  termi- 
nate in  the  urethra,  either  by  canals  which  are  conmion  to 
the  spermatic  ducts,  or  by  orifices  peculiar  to  themselves. 

The  seminal  vesicles  are  wanUng  in  many  quadrupeds 
Their  jwesence  does  not  seem  to  be  rq;ulated  by  any  uni- 
i<Mrm  plan,  or  to  be  exhibited  in  any  peculiar  habits.  Thdur 
use,  where  they  do  exbt,  has  not  been  satisfactorily  deter- 
mined. By  some,  they  are  considered  to  be  receptacles  of 
the  i^permatic  fluid;  while  by  others  they  are  rq;arded  as 
destined  to  secrete  a  fluid  peculiar  to  themselves.  This 
last  ojMnion  is  rendered  probable  by  the  judicious  remarks 
ot  HuNTES  f ,  and  confirmed  by  the  whole  history  of  thor 
structure,  <x>ntents,  and  terminatii]^  canals.  That  they 
are  stiU  comiected  with  the  reproductive  system,  is  indicate 
ed  by  th^  mcreased  size  during  the  season  of  love. 

The  Prostate  Gland  is  situated  at  the 


*  The  vmeiite  oceeMom  of  Curua,  are  membranoat  tubes,  vaiyiDg  in 
number,  adhering  to  the  sternal  side  of  the  vestdes,  or  situated  around  tlie 
base  of  the  urethra.  They  are  filled  with  the  same  fluid  as  the  vesides,  and 
empty  their  contents  into  the  urethra  by  a  conmion  duct,  or  by  a  separate 
opening.     They  are  very  obvious  in  the  mole  and  hedgehog. 

j-  ^  Observations  on  certain  parts  of  the,  Animal  Economy.**.  London^ 
JtSS,  p.  «7,-.«. 
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of  the  urethra,  and  usually  od  its  dorsal  aqpect  Inter- 
nally it  is  cellular,  and  is  destined  to  secrete  a  glairy  albu- 
minous fluid.  In  many  a^fiiinft^a  this  gland  is  single,  or 
the  lobes  of  which  it  consasts  are  attached  to  one  another, 
and  the  secretion  is  poured  into  the  urethra  by  numerous 
orifices.  In  other  cases  this  oigan  conasts  of  two,  or  even 
four  separate  glands,  each  having  a  common  cavity,  into 
which  the  different  cells  empty  th&r  contents,  and  a  com- 
mon duct  opening  in  the  urethra. 

The  organ  in  its  simple  form  exists  in  man,  the  quadU 
ruma,  and  many  other  mammalia.  It  appears  in  the  ele- 
phant and  ruminating  animals,  in  its  most  complicated 
form;  while  it  is  wanting  in  the  hedgehog,  mole,  and 
many  of  the  glires. 

Besides  the  seminal  vesicles  and  prostate  gland,  there 
are  two  bodies  which  have  been  named,  in  hcmour  of  the 
discoverer,  CoD^pfr'^  GZovub.  These  are  situated  immediate- 
ly behind  the  bulb  of  the  urethra,  with  the  walls  of  which 
they  are  intimately  united.  They  differ  greatly  in  tex- 
tiure,  and  empty  their  contents  into  the  urethra  by  a  angle 
duct  The  fluid  which  they  secrete  is  bluish-white,  semi- 
transparent,  and  gelatinous.  They  are  surnmnded  by  a 
muscular  covering,  which  serves  to  expel  th^  contents. 
In  size  and  appearance  they  vary  less  with  the  season, 
than  the  two  organs  which  have  last  been  noticed.  They 
are  wanting  in  many  mammalia,  and,  where  present,  exhi- 
bit many  different  combinations  with  the  seminal  vesicles, 
accessory  veacles,  and  prostate  gland. 

The  seminal  fluid  prepared  in  the  testes,  and  conveyed 
through  the  spermatic  duct,  is  thus  finally  mixed  with  the 
secretions  of  these  asasting  glands,  and  brought  to  its  des- 
tination through  the  uretlira.  What  arc  the  properties  of 
ihe  seminal  fluid  itself? 
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The  Seminal  Fkid  has  never  been  esamined  widi  care 
in  itt  pure  state,  or  immized  inth  the  ocxitents  ef  the  ve- 
flicLes  and  prostate  gland.  In  its  eompound  state,  Vav- 
anxLiN  found  that  of  man  to  be  heavier  than  water,  to 
be  a&aline,  and  to  oonnst,  in  the  hundred  parts,  rf  90  of 
water,  6  of  mucus,  8of  j^iosphateof  lime,  and  1  of  soda. 

The  most  remarkaUe  character,  however,  c^  the  aeminal 
fluid,  consists  in  the  number  of  animalcula  wfaidi  are  ooo- 
tained  in  it.  These  were  first  observed  by  one  Lewis 
Hammx,  and  afterwards  examined  with  care  by  Lexitwxk- 
HOEX  and  Spallaneakl  They  are  exceedingly  minute, 
and  require,  for  dieir  examination,  a  practised  eye,  aided  by 
powerful  magnifiers.  The  want  of  these  qualificatidis  led 
BoMAXX  to  deny  their  existence,  and  Liknaos  to  regard 
them  as  inert  particles,  set  in  modon  by  heat  Hiey  dif- 
fer in  nze  and  form  in  diilSsrent  species,  and  are  found  in 
the  semen  of  oviparous,  as  well  as  viviparous  animak 
They  move  about  in  the  fluid  with  a  progresave  raoCion, 
in  various  directions,  and  are  easily  killed  by  cold,  or 
mixing  the  sperm  with  other  liquors. 

These  animalcules  are  not  peculiar  to  the  semen.  Spal- 
LAKz ANi  found  them  in  the  mesenteric  Uood  of  frogs,  and 
newts,  even  females;  in  the  blood  of  a  sucking  calf,  and  of 
a  ram. 

It  was  the  opinion  of  Leeuwenhoex,  that  these  ani- 
mated brings  were  destined  to  expand  into  maturity,  and 
ultimately  to  exhibit  the  forms  of  the  animal  in  the  sem^i  of 
which  they  resided ;  or  that  they  were  the  germs  of  the  ni- 
mal.  Bdffon  regarded  them  as  (M*ganic  particles,  no 
longer  required  by  the  body  for  its  support,  but  treasured 
up  in  the  genital  organs,  and  ready  to  unite  with  the  or- 
ganic particles  of  the  female,  to  give  rise  to  a  new  indi- 
vidual.    They  are  now  generally  regarded  as  exercising 
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no  influenoe  whaterer  an  geiieratxn»  but  as  aiiidqgau8»  in 
their  station  and  habits^  to  the  inteatiiial  wonoB^. 

SL  Female  Organe.-^The  female  osgaoB,'  In  Tiyipai^ima 
animala,  ooofliBt  of  the  etiona  and  ovidrntSy  the  uierue  and 

The  Ovaria  are  two  in  nundber,  of  an  oval  or  globular 
form,  and  situated  in  the  cavity  of  the  pelvis.  They  are 
ooveied  by  a  fdd  of  the  peritoneum,  and  likemse  posseai 
a  <xivering  of  a  finer  testuie,  pecoEar  to  themselves.  Tlie 
suiiaoe  oF  the  ovaria  is  smooth  in  some  amrnals,  but  un- 
even,  or  tuberciilated,  in  others.  The  texture  of  an  ova- 
rium  is  ^ngy,  and  it  abounds  in  cells,  especially  towards 
the  sulfide.  In  early  life  it  is  small  in  tix^  and  only 
reaches  its  destined  dimensions  at  the  age  of  puberty. 
About  this  period,  irregular  oval  bodies,  of  a  glandular 
structure,  b^gin  to  form  in  its  substance.  These  are  fre- 
quently of  a  yellow  colour,  and  hence  have  been  termed 
corpora  lutetL  In  the  centre  of  these  bodies  is  a  cavity, 
in  which  the  egg  or  germ  is  generated,  and  bcought  Co  a 
certain  degree  of  maturity.  This  body  at  length  bursts, 
and  suflfisrs  the  egg  to  escape.  The  corpue  hadum^  after 
discharging  its  germ,  becomes  absorbed  gradually,  and 
finally  disappears.  Others,  in  the  mean  time,  form,  to 
prepare  for  successive  Inrths.  Attempts  have  been  made 
to  examine  the  structure  of  llie  oviui  by  M.  BAU£K-f-. 
But  the  smallnesB  of  the  object,  and  the  softness  of  its 
parts,  prevent  any  microsoopical  observations  of  a  satisfac 
tory  kind  being  made. 


*  Tte  nador  who  widiM  ftntlier  inftmnatlon  on  Uiis  cufiotts  Bolj^ct, 
may  penue  SrAix^mAai's  ^  Tracts  on  the  Natoral  Histoiy  of  Animals 
and  VegeUbtes." 

t  Phfl.  Trans,  1817,  p.  f  5S ;-  and  1819,  p.  59. 
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l¥ben  the  ovum  bunts  ftom  the  corpus  luUumy  cr 
gland  in  which  it  has  been  prqpared,  it  enters  the  Oviduct^ 
or  Fallopian  Tube,  through  which  it  is  conveyed  to  the 
uterus.  The  e3ctremUy  of  the  oviduct,  next  the  ovarium^ 
is  somewhat  funnel-shiqped,  and  its  margin  is  irregularly 
divided  bto  leaves,  or  fimbris.  This  structure  is  can- 
sidered  as  useful  in  aiding  the  eipilsion  of  the  germ  fiom 
the  corpus  Juteumj  and  in  receiving  it  more  readily  into  the 
tube.  The  oviduct  itself  has  walls  of  a  celhilar  substanoe, 
with  abundance  of  bloodvessds,  and  traces  of  muscular 
threads.  It  is  more  or  less  tortuous  in  its  course,  and 
terminales  by  an  opemng  in  the  upper  part  of  the  cavi^ 
of  the  uterus.  Both  oviducts  open,  in  some  cases,  very 
near  each  other,  while,  in  other  instances,  they  are  jnore 
remote. 

The  UteruSj  or  matrix,  exhibits  a  great  variety  of  Aape 
in  different  quadrupeds.  In  general,  however,  it  is  length- 
ened in  the  direction  of  the  body,  recaving,  at  its  suramk, 
the  oviducts,  and  terminating  bebw  in  the  vi^^ina.  Its 
walls  are  rraiarkably  dense,  and  they  are  liberally  supplied 
with  bloodveasels,  absorbents,  and  nerves.  Tlw  pn^mr- 
tion  between  the  size  of  the  cavi^  and  the  thidmess  of 
the  walls,  is  likewise  very  various.  The  cavity  itself  ex-^ 
hibits  several  remaritable  peculiarities. 

In  the  most  ample  form  of  the  uterus,  the  csvi^  is 
somewhat  pear-shaped,  and  the  oviducts  enter  it  «t  its  lar- 
gest end,  by  vary  small  openings.  TUs  shape  prevails  in 
the  human  race,  the  apes  and  sloths.  It  is  called  Uterus 
simpleaf.  The  next  shape,  in  point  of  simplicity,  is  where 
the  cavity  divides  at  its  summit  into  two  processes,  or 
horns,  as  they  have  been  called.  These  are  either  straight, 
or  variously  convoluted,'  and  terminate  in  the  oviducts. 
This  kind  is  termed  Uterus  bicomiSy  and  may  be  seen  in 
the  dog,  hedgehog,  and  the  ruminating  quadrupeds.  *  In 
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the  diird  kind,  termed  Uterus  dupkx^  the  horns,  instead 

<J  opening  into  a  oomnioii  cavity,  enlarge  eadi  into  a  se^ 

parate  uterus,  opening  by  a  cUstinet  aperture  into  the  va- 

fpaaa.    This  kind  prevwls  in  hares  and  rabbits.    In  the 

American  opossum  and  wombat,  the  uterus  b  double,  with 

an  oviduct  entering  the  summit  of  each  cavity.     Instead 

of  the  uteri  terminating  separately  in  the  vagina,  as  in  die 

hare,  they  unite  to  form  a  common  neck  or  opening* 

From  each  side  of  thb  neck  a  canal  arises,  and,  after  a  se- 

midrcular  course,  temunates  obliquely  in  the  vagina.    la 

the  kangaroo,  the  uterus  is  simj^e,  with  a  trace  of  a  di» 

visicHi,  by  means  ctf  a  longitudinal  ridge  on  each  side.  The 

oviducts  terminate  in  the  summit,  cme  on  each  side  of  the 

ridge.  .  Near  their  termination  on  eadi  ride,  a  lateral  canal 

arises,  which  terminates  in  the  vagina.     The  uterus,  with 

these  lateral  semicircular  canals,  has  been  termed  Uterut 

The  Vagina  is  a  short  dilatable  canal,  the  walls  of  whicb 
conast  of  cellular  substance,  supplied  with  bloodvessels, 
and  lined,  internally,  with  a  soft  mucous  ooverii^.  At  its 
origin  it  embraces '  the  neek  of  the  uterus,  whidi  usually 
projects  a  little,  and  whose  opening  i&  denominated  oa  <if»- 
cie,  from  a  supposed  resemblance  to  the  mouth  of  a  tench. 
It  is  considered  as  terminating  at  the  cHrifice  of  the  urthera, 
in  the  vutoOy  the  common  cavity  opening  externally,  and 
exlubiting,  in  the  different  species,  very  remarkable  pecu- 
liarities. 

The  manner  in  which  the  uterine  system  is  excited  to 
action,  so  as  to  produce  impr^naticm,  wppesss  to  be  in- 
volved in  the  deepest  obsciaity.  Various  oonjectuies  have 
been  proposed,  and  hypotheses  advanced,  in  the  absence 
of  accurate  observaUon  or  decisive  experiment  That  the 
imprq;nating  fluid  is  conveyed  through  the  uterus  and 
oviducts  to  the  ovarium,  is  rendered  probable,  by  the 
arcumstance,  that  many  of  the  eggs  or  germs  of  those 
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aniiiiab  wliioli  produce  many  young  at  a  birth,  neyer  reach 
the  ntenis,  but  are  retained  in  the  remote  extremities  of 
the  homS)  where  they  are  brought  to  maturity.    But  the 
following  experiment,  which  has  been  repeated  by  many 
obeervera,  puts  the  sulgect  beyond  a  doubt    When  one 
of  the  oviducts  is  divided,  as  has  heea  tried  with  rabbits, 
the  oonrespooding  ovarium,  though  ciqaable  of  pioducing 
corpora  UUeOy  cannot  generate  a  Jkius  or  impr^nated 
germ*.    Howthe  iq)ain  penetrates  the  small  mouths  of 
the  oviducts  to  be  conveyed  to  the  ovarium,  will  not  likely 
be  soon  determined.    A  small  portion  probably  sufioes  to 
produce  the  effect,  as  is  known  to  be  the  case  with  ovipa- 
rous animals  and  plants.     It  is  not  ascertained  in  die  case 
of  those  animals  which  produce  but  one  atabirth,  whether 
the  ovaria  contribute  the  germs  irr^^arlyor  in  succesfiioD. 
But  it  is  probable  that,  in  the  case  <^  twins  "f*,  and  idiere 
more  males  than  one  are  admitted,  as  in  the  dog,  both 
ovaria  contribute  their  share. 

*  See  tome  inlenstlng  e^MrimeDts  in  x«itoeiioe  to  this  eolject  by  Dr 
H4i«BT0«,  PhJL  TnuM.  1797}  p^  1^;  and  by  Mr  CaoaoKaHAaKi»  ib. 
p.  197. 

f  There  is  a  vety  curious  instance  of  a  white  woman  producing  twins» 
one  white,  and  the  other  a  negro,  in  Dr  Elliotsom's  valuable  TVamriation 
of  BLuwmAOH's  ^  Institutions  of  PhysiQlogy,"  p^  381— *<<  A  white  wt». 
man  of  vciy  gay  character  left  her  husband,  and  acme  tfane  aftorwaids 
returned  pregnant  to  her  parish,  and  was  delivared  in  the  work4ioase  of 
twins,^— ."  one  of  which,"  says  Mr  Bi.ackal&ba  (of  Weybridge),  in  an 
account  which  he  very  handsomely  sent  me,  <«  was  bom  of  a  darker 
colour  than  I  have  usually  observed  the  infants  of  negroes  in  the  West 
Indies  $  the  hair  <{ait»  Uaek,  with-  the  wooUy  i^vpearanoe  usual  |o  them, 
withooee  tat  and  lipe  thick  j  |fae  second  child  had  aU  the  common  appear* 
anoea  of  white  childna]*" 

Where  fietuses  occur  with  additional  parts,  such  as  a  double  head,  or 
where  two  bodies  are  united  at  a  particular  part,  as  In  the  odebrated  Hun« 
garian  sisters,  has  the  monstrosity  been  produced  by  the  evohition  of  a 
doable  ovum,  or  by  the  union  of  two  o¥ft  in  the  atentt  ?  Many  drettm. 
stanoat  eounteaanoe  the  latter  auppoaitioii. 
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The  particiijar  pcriodof  life  at  which  the  organs  o£  rqxro- 
ductioa  become  qualified  for  the  exercise  of  thw  pecuhar 
functions,  appears  to  be  influenced  by  several  drcunistances. 
When  the  body  arriyes  at  maturity,  in  respect  to  fliae  and 
strength,. by  slow  d^rees,  as  is  the  case  with  man,  the  tarn 
of  puberty  b  proportionally  distant  from  birth.  On  the  other 
hand,  when  maturity  of  size  and  strength  is  quickly  attaii^ 
ed,  as  is  the  case  veith  rabbits,  the  term  of  puberty  as  quickly 
arrives.  In  all  these  cases,  however,  puberty  precedes  by 
months  or  years  the  maturity  of  the  body.  In  the  human 
race,  puberty  takes  place  at  an  earlier  period  in  the  female 
than  in  the  male.  Even  among  individuals  of  the  same 
species,  very  remarkable  differences  prevail.  In  general, 
however,  it  is  observed,  that  all  those  circumstances,  whe^ 
ther  food  or  shelter,  which  accelerate  the  growth  of  the 
body,  exerciae  a  proporticmal  influence  on  the  reproductive 
system,  so  that  the  period  of  puberty  is  uniformly  earlier 
in  domesticated  than  in  wild  animals,  and  in  those-whicb 
are  fed  plentifully  with  food  than  in  those  which  are  scan- 
tily supplied.  The  same  orcumstances  seem  to  operate 
in  the  production  of  ova,  domesticated  anknals  being  more^ 
fertile  than  wild  ones  of  the  same  species  *. 

*  There  is  a  very  renottkaUe  dUftrence  in  Uiis  mpect  between  ammalft 
and  vegetables;  the  reprodnetive  system  of  the  fbnner  exerting  itsell'  pre- 
maturely when  the  body  is  liberally  supplied  with  nourishment,  while  in  the 
latter  a  scanty  supply  of  nourishment  promotes,  and  a  libera]  supply  letards^ 
early  flowering.  A  tree  planted  in  a  poor  sofl,  or  one  nnlkvoarable  to  its 
growth,  win  announce  to' the  owner  the  unsultaUeness  of  its  aituatioi)  bj  the 
production  of  flowers  and  seed,  while  the  same  species  growing  in  a  batter^ 
win  not  pioduee  flowers,  but  merely  increase  in  aitt. 

Many  productive  operations  of  horticulture  depend  upon  this  singular 
law.  Dwarflx^,  laying  bare  soma  of  the  roots  of  trees  in  winter,  trans* 
planthig,  paring  oiT  pottJons  Of  the  bark,  and  tying  wires  round  the  sterns^ 
are  each  calcolated  to  diminish  the  supply  of  food  sent  to  the  branches^ 
and  are  well  known  to  accelerate  the  production  of  fruit.    Many  seeds^ 
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In  evary  speaeB,  except  nian,  there  is  a  particular  period 
of  the  year  in  which  the  reproductive  ^stem  exerdses  its 
energies.  Domestication  brings  on  this  period  earlier  than 
ordinary,  and  in  those  animals  which  have  several  births  in 
a  season,  thdr  frequency  is  oonfflderably  increased.  In  all 
cases,  however,  as  I  have  fonna*ly  mentioned,  the  season  of 
love  and  the  period  of  gestation  are  so  admirably  arranged, 
that  the  young  ones  are  produced  at  the  time  wherein  the 
oonditicms  of  temperature  and  food  are  most  suitable  to 
the  commencement  of  life. 

In  some  animals  only  one  ovum  is  impr^nated,  and 
only  one  foetus  is  produced  each  time.  In  others,  many 
ova  are  impregnated  at  once,  and  a  corresponding  number 
of  foetuses  are  produced  at  a  birth.  The  drcumstanoes 
which  limit  the  number  of  ova  each  individual  is  ca- 
pable of  producing,  during  life,  have  not  been  detemuned. 
Much  depends  on  the  healthy  state  of  the  ovaria,  and  the 
quantity  of  nourishment  with  whidi  they  are  suj^lied. 
When  one  ovarium  was  extracted  in  the  sow,  Hetnter 
observed  that  the  number  of  pigs  produced  at  a  farrow, 
was  not  diminished,  nor  the  periods  between  the  farrows 
lengthened ;  while  she  ceased  to  become  pr^;nant  much 
sooner,  and  did  not  produce  one-half  as  many  as  a  perfect 
sow,  with  which  she  was  compared  *. 

When  the  sexual  union  has  taken  place,  and  the  impreg- 
nated germ  has  been  detached  from  the  ovarium,  it  is  de- 
posited in  the  uterus,  for  the  purpose  of  being  brought  to 
maturity,  or  at  least  for  being  prepared  for  birth.     This 


upon  being  kept  two  or  more  years,  aoooitting  to  the  same  law,  are  leat  dts- 
posed  to  run  to  ttrawy  or  are  mote  prodactive  of  flowers  and  seeds  than 
those  which  are  sown  in  the  first  year. 

*  "  An  experiment  to  determine  the  effect  of  eztiipating  one  ovarium 
upon  the  number  of  young  produced."    PhU.  Trans.  1787,  p,  233. 
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gernunatkni  or  evolutkni  i^ipears  to  take  place  in  quadrii- 
peds  acoording  to  two  different  plans.  In  the  first,  there 
is  no  adhesion  of  the  germ  to  the  walls  of  the  uterus,  while, 
in  the  second,  plaoentation  or  adhesion  takes  place. 

In  the  Marsupial  genera,  which  we  have  seen  are  fur- 
niahed  with  a  complicated  uterus,  there  is  no  trace,  in  the 
young,  after  bitth,  of  any  umbilical  cord ;  at  least  Sir  £. 
Home  could  not  detect  any  in  the  fcetus  of  |£e  kangaroo 
after  exclusion  ^.  He  has  given  a  representation  of  a  sub- 
stance found  in  an  tmprqpoted  uterus  "f*,  which  he  con- 
ceives  to  be  a  foetus^  in  an  early  stage  of  formation ;  but 
which  does  not  bear  the  remotest  resemblance  to  the  sub- 
ject  From  the  communications  made  to  him  by  Mr  Cok* 
siDBN,  it  af^pears  that  the  impregnated  uterus  is  filled  with 
a  gelatinous  substance,  of  a  bluish-white  colour,  in  con^ 
sistence  like  half  melted  glue,  and  so  extremely  adhenve  as 
to  be  with  difficulty,  washed  off  from  the  fingers.  From 
the  observations^  of  Mr  Beli^  which  were  likewise  commu- 
nicated to  Sir  £.  Home  ^,  it  i^pears  that  the  double  ute- 
rus of  the  wombat  is  filled,  in  its  impregnated  state,  with 
the  same  kind  of  gelatinous  substance  which  closes  up  the 
ora  iinca,  '*  I  made  a  longitudinal  incision  into  the  lar- 
gest of  the  uteri,  and  found  its  coats  lined  with  the  same 
jeQy  net  with  in  its  os  tincss.  Continuing  the  incision 
through  this  jelly,  apd  at  the  same  time  using  gentle 
pressure,  there  issued  a  quantity  of  a  thin  pelludd  fluid, 
accompanied  by  an  embryo  wrapped  up  in  very  fine  mem- 
branes, which  contained  some  of  the  same  transparent 
fluid.  The  membranes  did  not  i^pear  to  be  at  aU  connect- 
ed by  vessels  either  to  the  uterus  or  gelatinous  matter.     I 

•  FhJL  Tniuk  1795,  p.  233.  f  Ibid.  Table  xx.  Fig.  2, 

t  mSL  Tnm.  18O0»  p.  3(MK 
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bad  no  dmibt  of  the  other  uterui^  oontaiiiiilg  a  mmilir  em- 
bryo in  a  leds  advanced  state.'^ 

The  origin  of  thi»  gelatinous  subaCailoe  has  not  been  aa- 
tisfiutorily  ascertained.  As  the  coats  of  the  uterus  aie  thin, 
it  is  scarcely  1!o  be  considered  asa  seaetioQ  from  these^but 
is  more  likely  to  proceed  either  from  the  oviducts  w  late- 
nJ  canals.  But  the  mtener  in  wlndi  the  ftetm  is  nounibed 
in  this  jelly,  is  a  question  which  remains-' to  be  determiiied. 

The  evdution  of  the  ovum  by  means  of  jJaertitalioilj  is 
die  most  oommon  method  observed  by  Nature^  and  baa 
been  longest  known  and  studied  by  phyaiolti^|ists.  The 
ovum  is  first  attached  to  the  walls  of  the  uterus,  whkh  are 
lined  for  this  purpose  with  a  layer  of  lymph,  termed  mmi- 
trana  decidua ;  a  vascular  boity  termed'  a  jrfucmlei,  ia  Am 
generated,  in  which  the  minute  branches  of  die  enlaiged  ute- 
rine  arteries  terminate,  and  from  wMdi  die  vessels  fh'.slinett 
to  convey  the  blood  foi^  the  nourishment  of  the  fbetos  take 
their  rise.  The  blood  is  returned  from  the  ftetua  by  odMr 
vessels  which  termmate  in  the  plaoentii.  ^These  vesaeb,. 
whidh  unite  the  foetus  with  the  fdaoentei,  are  cdUected  into 
the  umbilical  cord  or  Navel-string,  so  named  in  coifawqiiraee 
of  the  form  exhibited,  and  the  place  of  insertion  in  the  fe- 
tus. At  the  commencement  of  this  evblutioii,  the  ob  tiaae 
is  obstructed  by  a  glairy  matter,  whidi,  while  it  doses  Ike 
aperture,  prevents  the  adhesion  of  the  marj^ia.  But,  in 
order  to  illustrate  this  curious  siiljeet  still  ISnih^,  it  wSk 
be  necessary  to  return  to  the  structure  of  the  dvurn. 

The  ovum,  after  it  has  suffidently  increased  iii  sise,  ap. 
pears  to  be  surrounded  by  two  membranes  or  inVolucnu 
The  innermost  one  is  termed  arnnioe^  add  die  eztenu^eae 
ehorUm, 

The  dmmas  is  destined  to  secrete  a  pectiiar  Aiid,  fierm- 
•d  Uquor  amnU^  with  which  die  foetus  is  iuttaODded.  Tlib 
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fluid  exhibits  very  diflfi»ent  properties,  aeciHrdiiig  to  the 
species  from  which  it  is  obtained.  The  skin  of  the  fcetus 
19  frequently  covered  with  a  fatty  matter^  which  some  con- 
sider as  a  depoedtion  from  the  liquor  amnii,  but  which 
others,  ^th  greater  propriety,  regard  as  a  cutaneous  so- 
cretion.  Indeed,  suspirions  have  arisen  that  the  hquor  it* 
sdf  is  secreted  by  the  foetus ;  and  Aese  are  countenancsed 
by  the  circumstance,  that,  in  the  amnios  of  some  species,  as 
man,  no  bloodvessels  can  be  traced  inits  structure.  What- 
ever may  be  its  origin,  it  is  obviously  useful  m  protecting 
the  foetus  from  bong  injured  by  any  sudden  shock,  or  com* 
pression. 

The  cAorJon,  in  many  animals,  serves  the  purpose  of  a  sup- 
port to  the  vessels  which  form  the  uml^ical  cord.  It  joins 
die  amnios  at  the  umbilieal  cord,  and  is  united  mth  the  uterus 
wherever  there  is  a  placenta.  In  the  sow  and  mare  it  is 
unitad  to  the  whole  internal  surface  of  the  uterus  by  nume- 
rous tubeides.  In  the  numnating  quadrupeds  these  tu-* 
bercles  appear  to  collect  in  groups,  which  have  been  termed 
cotykdam.  These  consist  of  the  ^toM&J^u^i^rifks  or  fleshy 
excresoenoe  of  the  inner  surface  of  the  uterus,  and  the  cd^ 
rmwuU  or  corresponding  glands  of  the  chorion.  In  the 
sheep  and  goat  the  glandulse  are  concave,  and  receive  the 
convex  surface  of  the  caruncuhe,  while  this  arrangement  is 
reversed  in  the  cow  and  deer.  The  third  kind  of  placenta 
may  be  considered  as  arising  from  the  mare  complete  union 
of  the  tubercles,  not  into  co^ledons,  but  into  two  masses, 
sonetnnes  only  oiie,  either  lying  close  tc^ether,  or  spi-ead 
out  like  a  belt 

In  many  quadrupeds  there  is  a  peculiar  sac^  termed  ' 
attantois^  which  occurs  between  the  amnios  and  chorion  in 
scxne  cases,  as  the  mare,  occupying  the  whole  cavity ;  in 
od^ers,  as  the  sheep  and  cow,  it  is  more  limited  in  its  ex- 

cc2 
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tent  *.  It  is  destitute  of  faloodvends.  Its  veck  entas 
the  foetus  eioag  with  the  umbilical  cord,  and  j(»n8  with  the 
ui«chus  of  the  bladder.  It  is  the  receptacle  of  the  urine 
o£  the  foetus.  In  the  allantnis  oC  the  mare  and  the  aow, 
there  is  a  fleshj^like  mass,  which  some  have  consideied  as 
a  sediment  ftom  the  urine,  but  whose  nature  haaneyet  been 
^iv^minA^  It  has  been  long  known  by  the  name  of  bone- 
vewm^  or  hippomcmes  f. 

In  the  same  atuation  as  the  allantois,  but  unoonneded 
with  die  urachus,  is  found,  in  some  of  the  digitated  qua- 
drupeds, as  the  dog  and  cat,  a  peculiar  organ  tenned  Iurs- 
ca  eryfhroides.  It  is  connected  with  the  mesenteric  vans 
of  the  foetus,  and  in  the  early  part  of  pregnaaqr  iafiUed 
with  a.  watery  fluid.. 

The  conditioa  of  the  genn^  ^dien  detadied  from  the 
otrarium,  has  not  been  sadsfactorily  determined.  It  is  de- 
stitute of  character,  and  too  minute  and  delicate  for  accu- 
rate observation.  In  the  uterus,  however,  it  soon  eipands, 
its  investing  membranes  become  more  apparent,  and  an 
opake  spot  at  length  iq>pearB,  the  rudiment  of  the  foetus  X^ 
The  manner  in*  wluch  the  whole  ovum  isnourished  at  this 
period,  is.  voled  in  obscurity.  But  after  the  germ  has 
evolved,  and  the  connection*  with  the  utems  been  eataUidK 
ed  by  the  circulating  system,  the  means  of  giowdi  are 
more  obvious.  The  blood  of  the  placenta  is  abaoibed  by 
the  umbihcal  van  of  the  foetus^  and  while  part  is  convey- 

*  Tlw  allantote  of  tbe  oow  ii  frequently  pieeeived  in  a  diied  ante,  end 
need  to  proteet  the  suzftce  of  aorei  ftom  the  action  of  the  air. 

nracna  on  the  akin  of  a  foal  at  birth,  which  the  mother  lemovea  faj  ]k±iag; 
or,  aa  in  tL  18.  to  the  humor  ex  eqnaium  equietttinm  oatwralihna  diati11ana> 

X  HALLan  found  this  opake  spot  in  the  sheep  on  the  nineteenth  daj  af- 
ter impregnation.    HAionroir  obaerved  it  in  the  rabbit  on  the  tenth  day. 
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«d  directly  to  the  liver,  the  other  pcnrtkn  goes  to  the  pul- 
monic auride  by  the  inferior  vena  cava.  The  septum  be- 
tween the  pulmonic  tmd  systemic  auricle  is  at  this  ^time  in- 
complete, there  bong  a  valvular  aperture  tenoed^bfumen 
ovale.  Through  this  opening  part  ft  the  blood  in  the  pul. 
momc  auricle  escapes  into  the  systemic  auride,  and  the  re- 
maining portion,  pasnng  into  the  pulmonary  artery^  instead 
^  g(Wg  directly  to  the  lungs,  is  conveyed  to  the  aorta,  by 
a  passage  termed  duc^ttfOfifTfomftf.  The  blood  thus  expelled 
by  the  systemic^entricle  into  the  aorta,  is-coiiwyed  to  the 
different  parts  of  the  body,  but  a  great  part  is  conveyed 
back  to  the  placenta  by  the  umbilical  arteries,  which  take 
their  rise  from  the  iliacs. 

AI(houg|h  the  foetus  is  Qius  nourished  by  blood  derived 
from  the  mother,  the  communication  is  so  indirect,  that  no 
injection  into  the  uterine  vessds  passes  into  the  foetus^  and 
no  injection  ci  the  foetus  reaches  the  vessels  of  the  mother. 
The  two  sets  of  vessels,  therefore,  do  not  anastomose.  The 
imperfect  connection  of  the  vessels  is  still  farther  demote 
strated  by  the  superior  rapidity  of  circulation  in  the  foetus, 
when  compared  with  the  modior,  fhe  heart  of  the  former,  in 
the  human  subject,  beating  about  one  hundred  and  twenty 
times  in  a  minute.  The  circulation  of  the  fSoetus  even.eon- 
tinues  for  some  time  after  ^e  death  of  the  mother,  fiut 
however  Indirect  the  communication  between  the  two  drcu- 
latiiig  systems,  the  condition  of  the  mother  still  exercises  a 
•CQDsiderahle  influence  over  the  growth  of  the  foetus.  A 
tdenmgenieat  in  the  flow  of  her  blood,  by  diminishing  the 
quantity  sent  to  the  placenta,  must  consequently  reduce  the 
supply  to  the  umbilical  vans  *.  A  diseased  state  of  the 
mother  is  likewise  frequently  communicated  to  the.foetus. 


thtti  hmmI  OS  fSMnini  in  the  vl«nit»- tlM  mpiij 
bdng  thm  divided,  thigr  MMom  meh  the  ovdlnvy  aiie,  and 
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From  the  very  laqMrfect  oiglmioid  ooHoeeticMi  uriuch 
thus  piemk  betweeo  the  siother  and'the  foetaa^  it  matt 
appear  sufpruing,  that  the  ktter  ahould  ever  be  kifliieiw 
oed  in  its  Eorm  or  markings  by  the  mental  eaMitions  of  the 
former.  Yet,  in  spite  of  the  difBculty  ^f  awwinting  for  the 
manner  in  which  the  ^fects  aie  produced,  the  inatanoeftaie 
too  numerous  and  wdl  authenticated  to  be  difir^gaided»  in 
which  the  imagination  <xf  the  mother,  in  the  himan  qpecies, 
during  pregnancy,  has  im{»e88ed  upcm  the  fcetus  the  marks 
of  its  h^fa  excitements.  There  are  a  few  wett^uthentiiiated 
instances  of  the  same  kind  among  the  inferior  ankaab^. 

not  unfreqnently  one  or  more  of  Uiem  are  peniMUMBlly  impatfect  When 
Uie  cow  produces  twine^  Uicfar  sexual  oigans  are  ftequCMtly  imperibet,  and 
Uiej  are  incapaUe  of  procreation,  particularly  when  the  one  happens  to  be  a 
male,  and  the  other  a  ftmalsw  Such  examples  are  tenned  Free  MmrHm.-^ 
See  Htfxtu's  Account  of  the  Free  Maitln,  Phfl.  Trans.  yoL  Ixlx.  p^MI, 
or «« Observattons  on  osvtain  potts  of  the  Animal  Bc«iiomy,'*>  45b 

*  In  the  Extracts  from  the  Mfaiute-book  of  the  Unnean  Sodety  of  Lon. 
ddn,  there  is  given  ^  the  following  aoeount  from  Mr Gbomb  Maxi,  F.L. S. 
TsspectJng  the  eflfeet  of  the  imagination  of  a  taoale  oat  on'the  fottis  in  the 
womb:  One  afternoon  in  the  month  of  May  (1806)  last,  while  mysdf  and 
ftmily  were  at  tea,  a  youqg  female  cat,  which,  on  account  of  extreme  ptay- 
Itahiess,  had  become  a  great  fkvourite*  was  lying  on  the  hearth.  8he  was 
piegnaat  for  the  second  time,  and  had  arrived,  as  neaily  as  I  oMi  reeoOect, 
at  the  middle  period  of  gsstation.  A  ssrrant  haadiog  the  tf»ketrte>  or  do- 
ing some  office  wiiicfa  led  her  to  pass  between  the  fire  and  the  table,  trod 
very  heavily  on  the  creature's  taiL  She  screamed  most  frightftilly,  and  lan 
out  of  the  room ;  and  from  the  nature  of  the  noise  which  she  emitted,  it 
was  evident  that  a  considerable  degree  of  terror  mingled  with  the  aansa  of 
■mury*  But  from  a  circnmstanoe  io  extreme^  cqhubqb,  no  exmordinaiy 
result  was  expected,  and  the  poor  cat*s  tafl  was  no  more  thought  af»  until 
the  final  period  of  gestation,  when  we  were  surprised  with  the  phenomenon 
which  has  given  occasion  to  this  communication.  She  dropped  five  kittens ; 
one,  which  exactly  resembled  herself,  was  apparently  perfect;  but  the 
other  four  had  the  tail  most  remarkably  distorted.  About  ooe-third  of  the 
teogth,  reckoning  from  the  h«e,  these  waa  m  mUrne  equal  in  aiBe<tD  a  very 
Jaige  pea,  or  about  twice  as  thkk  as  die  tail  itself;  tfaei 
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These  resulti  appear  still  more  surprifliiig,  whea  we  consi- 
der that  both  the  absorbing  vessels  of  the  foetus,  and  like- 
wise its  nervous  system,  appear  to  act  but  feebly^  as  viru- 
lent poisons  injected  into  the  pleura,  peritcmeum^  or  cellular 
-tissue,  do  not  afypear  to  produce  any  decidedly  deleterious 
.effects* 

The  drcumatances  cm  which  the  sex  of  the  icetus  de- 
-pends,  though  removed  beyond  the  reach  of  observation, 
iiave  nevertheless  been  the  subject  of  conjecture.  Many 
jrears  ago,  Sir  F.  H.  Eyles  Stiles,  in  refin'enoe  to  mo-  • 
jMBcious  and  dkBdous  plants,  advanced  the  •|«iion,  that 
^^  in  all  cases  where  the  male  aiid  female  organs  are  found 
separate,  the  defect  is  not  in  the  flower,  which  I  suppose 
to  be  originally  instructed  with  the  rudiments  of,  the  or- 
igans of.  both,  sexes^.hut  that  .it  guises  from  some  circum- 
atances  in  the  plant,  that  determines  it  to  Uow  the  one  or- 
gan and  not^the  other  "t*.***  An  opinion  somewhat  ^milar 
is  adopted  by  Sir  Evkuaro  Home,  with  regard  to  q^ua^- 
drupeds.  He  supposes  <^  the  ovum,  previous  to  impreg- 
nation, tahave joo  distineiion  of  sesc,  but  to  be  so  fcHmed 
as  to  be  equally  fitted  to  become  a  male  or  female  foetus ; 
and  that  it  is  the  process  of  impregnation  which  marks  the 
distinction,  and  conduces  to  produce  either  testicles  or  ova- 

Mog  timied  on  one  side,  at  an  ani^  oearlj  approachiog  to  a  right  ang^: 
and  what  may  deserve  notice,  aU.of  them  turned  the  same  way,  towatdi  the 
left  side.  I  was  uiged  to  rear  <me  of  them  as  a  corioaitjr ;  bat,  conoeiring 
that  it  might  grow  up  rather  a  disgnsting  ol^ect,  1  had  the  whole  destroyed, 
preserving  only  the  one  which  appeared  to  be  perltet.  That  one  I  kept 
about  a  month,  when  it  was  seized,  as  weU  as  the  mother,  with  a  disorder 
whidi  greatly  enfeebled  it ;  and  to  save  the  parent,  1  destroyed  the  ofhpring. 
But  it  waspreviouify  dlseovered,  that  this  also  had  the  tail  distorted,  and 
turned  aside  at  a  considerable  angle,  although  free  from  the  knot  wbkk 
distinguished  the  other  four.**— Lin.  Tnin^  vol.  ix.  p.  323. 

*  M .  Maokvoic,  Precis  £L  ii.  p.  418. 

+  PhiL  Tians.  vol,  Iv.  p,  %». 
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ria,  out  of  the  same  materiak*.^  The  drcanutaooes 
which  seem  to  oouDtenance  thb  oonjecture,  and  -mhoA 
are  enumerated  m  the  note  below,  appear,  irfien  carefully 

*  nSL  Tnutf.  VOL  Izzxix.  p,  175.  where  he  adds : '««  The  MIomiag  or- 
coimUiieeiareiaSnrowofthiiopiiiloii.    The  teeddci  aod  onoiA  ae  ftm-  | 

ed  ot%in>ily  in  the  wme  ■iliMHien»  eMwi^  the  twlktoi,  cwn  beJae  the  j 

Itetw  hat  advaiMed  to  the  c^th  month,  are  to  dMUfe  their  ■iiiitiiei  to  a 
part  at  a  conaidcrBble  dlatanoe. 

**  The  ditoris,  4n  fcrtoaet  nndcr  four  months,  is  so  laige  as  to  be  often 
miMakcn  ft*  a  penis.  P^eparathim  to  shew  the  aim  of  the  diloris  sft  this 
•gB^  ars  inaaMisii  in  Mr  Hoann's  eoOectiQa;  and  M.  Fnanr  SMnlimB 
it,  with  a  Tiev  to  oplain  an  cmaieoaa  opinion  that  prevailed  In  FanDS, 
that  the  greater  nmnber  of  miscanii^gw  between  three  and  foor  monthi 
have  been  remarked  to  be  males ;  which  mistake  arose  fhan  Uie  above  or- 


«« The  diloris,  offfgMly,  appears  thsnane  efwdiy  itied  to  be  a  4 
or  penis,  as  it  rnqr  be  ininBnosd  bj  the  ovasinn  or  tesridew 

•*  In  oonsiderinff  this  aalgeet,  it  is  owkNis  to  observe  tiie  nunber  of  s^ 
condaiy  parts,  which  appaar  so  contrived  that  tbej  may  be  ei|iiaUj  adapted 
to  tiie  organs  of  the  male  or  female. 

^  In  tiioee  'qandrapeds  whoee  Itanales  have  mammsr  ii^^viaaies,  the 
males  have  also  tsets  in  the  same  aHoatloni  aothttllM  same  bagwhidi 
contains  the  tcaticies  of  the  male,  is  adapted  to  the  mammsi  of  the  fcmale. 
In  the  homan  species,  which  have  the  mamnye  peclarale%  the  scrolinn  of 
the  male  serves  the  purpose  of  fonnii^  the  labia  padendi  of  the  female,  and 
the  prepvtiwn  midces  the  nymptus.  The  male  has  pectoral  idpplea,  as  wdl 
as  the  female ;  and,  in  many  infents,  milk,  or  a  Said  snak^gons  to  it,  is  se* 
crsted,  whidi  proves  the  ezistcnoe  of  a  glandular  stmctme  under  the  nipple. 

^<  This  drcumstanoe,  when  added  to  the  instances  already  rdated,  of  an 
hermaphrodite  ImiU,  and  of  wethers  giving  sack,  allbcds  a  stroi^  prcsnmp* 
tion  that  the  rudiments  of  the  maimnir  exist  in  the  male,  and*  in  some  few 
instances,  have  been  brought  to  perfection,  either  by  an  original  mixtne  of 
oigans,  early  emasculation,  or  other  changes  with  which  we  are  unacquaint- 
ed. 

«« If  it  is  allowed  that  the  sex  is  impressed  upon  the  ovum  at  the  time  of 
impregnation,  it  may,  in  some  measure,  account  for  the  ftee  martin,  when 
two  young  are  to  be  impressed  with  different  sexes  of  impregnation  ;  which 
must  be  a  less  simple  operation,  and  therefore  more  liable  to  a  partial  ftil- 
4ire,  than  when  two  or  any  greater  number  of  ova  arc  impressed  with  the 
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exAmiiied,  rather  of  a  doubtful  duuractar,  or  leading  to  a 
condunoD  Bomewhat  different  firom  the  one  which  they  are 
brought  forward  to  support 

If  die  determination  of  the  sex  takes  plaoe  at  the  period 
of  impr^;nation,  the  oommon  oii^n  of  the  testicles  and 
ovaria  only  indicate  that  in  die  foetus  there  is  a  peculiar 
situadon  appointed  where  the  production  of  the  essential 
parts  of  the  reproductive  system  is  to  take  plaoe ;  since 
previous  to  the  organisation  of  any  part  of  that  system, 
it  is  fixed  whether  a  testide  or  an  ovarium  is  to  be  pro-  . 
duced.    Agab,  if  the  sex  is  thus  determined  in  the  inw 
pregnated  ovum,  we  might  expect  the  peculiar  characters 
of  the  sex  more  strongly  impressed  upon  the  fcetus  than 
they  are  known  to  be;  and  instead  of  finding  the  ditoris, 
(upon  the  supposition  that  it  is  capaUe  of  being  diaiq;ed 
into  a  penis,)  of  such  singular  dimensions,  its  total  ab^ 
sence  m  the  female  might  rather  be  expected.      Both 
these  drcumstances  rather   intimate,   that  the  ovum  is 
neuter,  that  the  sexual  organs  are  in   part  devdoped 
previous  to  the  determinaticm  of  the  particular  sex,  or, 
in  other  words,  after  the  egg  has  germinated,  and  the  or. 
gans  are  in  some  measure  evdved.    There  are  some  fiicts, 

nine  wz.  It  may  alao  acoonnt  for  twins  being  most  commonly  of  the  same 
sex ;  and,  when  they  aze  of  dxiReient  sexes,  it  leads  us  to  inquire  whether 
the  female,  when  grown  up,  has  not  in  some  instances  less  of  the  true  fe* 
male  cbaractcr  than  other  women,  and  is  not  incapaUe  of  having  children. 
It  Is  cniioos,  and  in  some  measure  to  the  porpose,  that  in  some  countries, 
nurses  and  nddwives  have  a  prqndloe  that  such  twins  seldom  breed* 

*^  This  view  of  the  subject  throws  some  light  on  those  cases  where  the 
testides  are  subsUtnted  for  the  ovaria ;  sfawe  whenever  the  impregnation 
hShhimampbag  the  ovum  with  e  perfect  imptession  of  eidier  sex,  the  part 
fetmed  will  neither  be  an  ovarium  nor  a  testide,  sometimes  bearing  a  great- 
er reaeniblanoe  to  the  one,  somethnee  to  tiie  other ;  and  may,  aoeording  to 
circumstances,  either  remain  in  the  natural  situation  of  the  ovaria,  or  pass 
into  the  sitnation  proper  to  the  testicle,  whether  it  is  the  scrotum  of  the 
jnale,  or  the  hibia  podendi  of  the  female.*' 
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)iQfr6v»r»9v}>iri»  wXMfi  «qn4ly  4#iM»0t  tbeippiivmi!^  tbai 
4«  ^ktmHUitiop  of  i]^^.f«9(  (ijmi^tpc^jii  t^oyium  <Mr  in 
the  fcetua.  Mr  Kkight,  iH^^fl^^vp^viivwiits.im.  pints 
lia¥«  gvettly  eolaiged  the.bonvnjs.of  rfg^h^fbymohgyf 
hmcmmmakf^  tlve  foUoiiuig.oh0enr»t^  in  seCeicnoe 
lo  Ae  sulgeot  under  womdeaAofk.  "  In  aevoal  i|MGies 
iifdoflMstkiUedor  «ttlUv«tediini^^  (I  bdieve  in  «i]»)  par- 
ticuliir.fanales  ase  found  to  fwoduce  a  very  Urg^mt^oritj, 
undaemi^iDieBidl  thmatBfpriBg  at  the  same  sex;  and  I 
have  ixtived.r^eatedlyy. that)  by  dividing  a  herd  of  thirty 
eow8.  into  dams  eijytfaL  parts,  I  ooukl  ralmlatej  with  oonfi« 
dflooe,  upon.a  laige  majari^  of  females  fimn.  one.part^  of 
Bsalea  from  nother,  and  upon  nearly  an  equal  number  of 
joaka  and  f^onales  from  the  remai^ider.  I  f copiently  en- 
ideafoitfed  to  change  dieir  hdnts^  by  chaqgiaig  the  male; 
.but  always  .widbout  suooess;  i|nd  Ihave  in  ^oaie  instanees 
dbserved  the  o&Bpang  of  one  sex^.  dwi]^  diitained  fism 
differmt  malesy  to  eii^oeed.  those  of  the  other,  in  the  propor- 
tion of  fiye«r  flix»  and  even  seven  to  one.  .  When»fin.die 
joon^nry^ Ihave attended-  to  the.^nuBSsnNis  offipong ef  a 
.«ngle  buU,  or  ram,  or  herse,  I  have  never  seen  any  oonai- 
,4mible  diffierence.in  the  number.  o£  oflE^iiing.of  eitfaer 
sex^.*"  Sudi  observaticnis  rather  support  the  conduacms, 
that  the  sex  of  the  ovum  is  determined  previous  to  im- 


•  f«On|l^QgllMPp^ive.IfaMsM<l0f,JMflKlAS«^^ 

which 49^j,o(fpft  Ui  the  hqnw MW:¥%.wh«h^w>«tr  tq  iodie«te  that  the 
,ii^Baifii¥S%U  the  male  in  d^ffrmliang Uf 9  49X  of  t^  Mii« it  CQiMidcnble; 

, epD«s>p«pci9  on  «f  Ajv9¥!«Mf^.9m.<4,jmwmm  Ui^^m  sbwe- 
iM^pe,**  PbiL  Tmf»  1787,  priNki.    «^Mc.KtnwAii,.a.TCK3rxttvaeM]e  fdtiio. 

,  yopber^end  PflUoir  of  the  R^yelSodelgryhlHiipften  told  nie»  UmH  he  had  con. 
venad  with  a  spntienuui,  who  aiBnnad  to.  hinif  that  he  himaelf  waa  the 
jpvagaat  of  iorty  fona,  all  produced  in  au^ccfltion  ^pom  thiee  dilftxeniL  wivei, 
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piegnati0h.   -In^whato^er  Humfifiertfaft  doterauiiatiQD.of  the 
Bex«8  k  eflfected,  w)e  pcicdve^tiiat)  aiiMHig  the  nu^ 
tually  product  the  males  and  females  bear  Buch  a4:db- 
4ive  proportion,  as  to  eecure  acoatmuance  4)f  the  race. 

'  The  tuae  wUbh  elapses  between  the.  sexuaL  union^  and 
consequent  impregnatioii  of  •  the  ovum,  to  the  perfectioD  of 
the  foetus  and  it4  elcpisIeajiMi  by  tbirth,  differs  gieady  aoxxrd- 
ing  to  the  species,  aAd  does  not  appear  to  be  iiegulated  by 
any  peculiar  systems  of  organization.  The  term  of  gestar- 
tkm  in  the  liomiess  and  sheep  is  the  same^  or  ;five'nianths; 
"the  horse  and  the  ass,  animals  of  the  same  genus,  haye  si- 
milar terms,  eleven  numths;  while  the  cowand4lie  buffalo, 
likewise  belonging  to  one  genus,  have  diswmilar  tenns,.the 
farmer  going  with  young  nine  mcmths,  while  .the.  gestation 
«f  the  latter  ooctt|nes  twdve.  Even  different  indi^uals  of 
the  same  spedes  vary  in  tins  respect  a  few  days,  and  .even 
the  same  individual  at  different  times. 

At  birth,  the  foetus  is  expdled  the  uterus^  the. connec- 
tion with  the  pboenta  ceases  by  the  divisicm  of  the  nmbili- 
cal  coid,  the  envdopn^  mdnbranes  are  tomasunder,  and 
the  young  ammal-  leaves  its  watery  dwelhng  to- enjoy  a 
-more  indepoident  existence.  The  blood  fiom  the  h^urt, 
now  interrupted  in  its  exit  horn'  Ae  sfitem  through  the 
mnbilieal  arteries,  is  transmittdd  in  quantity  to  the  lungs, 
the  thonix  is  thereby  excited  to  action,  and  the-  important 
'  function  of  resjnration  commences.  The  Moodvessels  which 
were  necessaiy  to  carry  on  the  modified  circulationrwith  the 
placenta,  together  with  the  ductus  arteriosusi-and  urachus, 
change  their  nature,  and  «ie  converted  into  ligaments.  The 
fioffamen  ovale  likewise  closes,  unless  in  some  cf  those  qua- 


by  one  Ikther,  in  lidand,  and  who  dl  snhred  at  the  age  of  manliood ;  and 
Mr  KiiiWAW  often  declared,  be  hid  no  lesaon  to  dtmbt  the  truth  of  this  nli. 
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drupeds  wbich  Irre  and  diTe  much  in  water.  The  liver, 
die  renal  ^ghttids,  and  the  thyroid  gland,  now  diminiah  con- 
aderably  in  me.  The  thymous  gland,  which  is  seated  un. 
der  the  sternum,  and  ascends  on  each  ade,  as  far  as  the 
neck,  now  likewise  gradually  diminishes  in  size ;  and,  in 
old  age,  not  unfinequently  disappears. 

The  situation  of  young  animals  at  birth,  in  reference  to 
the  locomotive  powers,  points  out  three  v^  remarkable 
modifications.  In  the  first,  the  young  at  birdi  ave  oom- 
pktdy  formed,  and  capable  at  once  of  moving  alxnit,  and 
following  the  footsteps  of  the  mother.  These  require 
merely  a  r^ular  supply  of  food,  and  protection  from  daai- 
ger.  In  the  second,  the  young  are  so  imperfect,  that  they 
are  incapable  of  fdlowing  die  mother,  and  are  dierefiM^ 
carried  about  by  her.  Among  these,  some,  as  the  human 
female,  carry  about  the  yoimg  in  thdr  arms ;  while,  among 
the  marsujnal  ammak,  there  is  a  ventral  cavity  into  ^i^iich 
ihe  young  are  SsoppeA  lA  Inrth,  and  where  they  are  nou- 
rished for  some  time.  The  young  of  these  last-are  very 
imperfect  at  birdi.  In  the  third  daas,  the  yoirag  axse  inca- 
paUe  of  foUowmg  the  mother,  and  she  is  equally  unfit  for 
•carrying  thent  In  ihiiT  case,  they  are  deposited  in  a  nest 
•concealed  from  the  light,  and  oevridied  by  the  mother  at 
stated  intervds.  So  far  as  I  know,  the  young,  in  these  cases, 
are  bom  Uind;  and,  in  some  speries,  the  external  otifioe  of 
the  ear  is  likewise  •dosed.  The  maternal  duties  imposed 
tm  animals  cf  the  first  dass  are  lew,  when  compared  widi 
those  wfaidi  the  species  of  the  second  and  third  classes  hasve 
to  fulfil  in  reference  to  cleanliness  and  temperature. 

The  nourishment  of  young  viviparous  animals,  oonasts 
of  milk  secreted  in  the  teats.  These  organs  consist  of  nu- 
merous glands  united  into  a  mass  by  cellular  substance  and 
fat  The  ducts  gradually  unite,  and  at  last  open,  in  the 
nipple,  in  ^omen,  by  numerous,  in  the  lower  animah,  by 
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one  or  two,  apertures.  The  teats  are  named,  ban  their  si- 
tuation, dther  Pectoral,  Abdominal,  or  Inguinal.  They,  in 
general,  exceed  the  number  of  young  produced  at  a  birth, 
but  ezhilHt  very  remarkable  yariations^  aoccvding  to  die 
species,  and  even  among  individuals  of  the  same  species. 

The  milk  is  usually  of  a  white  colour,  with  various 
shades  of  yellow,  differing  remarkably  according  to  the  spe- 
cies. It  is  somewhat  heavier  than  water,  but  boils  and 
freeaes  nearly  at  the  same  temperature  as  that  fluid.  It 
slightly  reddens  vegetable  blues. 

When  allowed  to  rest,  it  separates  into  two  portions,  one 
of  which,  termed  Cream,  is  the  lightest,  and  foirms  a  layer 
on  the  surface  of  the  Skimmed^mUk  below. 

The  cream  oonmsts  of  three  ingredients,  butter,  cheese, 
and  whey,  in  the  following  proportion  in  a  hundred  parts, 
of  cowl's  milk,  butter,  4.6,  cheese  8.5,  whey  92.0  *.  It  was 
of  the  specific  gravity  of  1.0244.  The  skimmed  milk  yield- 
in  a  thousand  parts,  water  928.75,  cheese,  with  a  trace  of 
butter,  28,  sugar  of  milk  85,  muiiat  of  potash  1.70, 
phosphat  of  potash  25,  lactic  arid,  acetat  of  potash,  with 
a  trace  of  lactat  of  iron,  6,  earthy  {diosphats  0.80*  Its 
sperific  gravity  was  1.083  f.  The  salts  of  milk  have  been 
still  more  minutdy  investigated  by  C.  F.  Sckwarz,  who 
obtained  from  a  thousand  parts  of  cow^s  milk,  pho6{diat 
of  lime  1.805,  phosphat  of  magnesia  0.170,  phoq^t  of 
iron  0.082,  phosphat  of  soda  0.225,  muriat  of  potash  1.850, 
lactate  of  soda  0.115  =  8.697.  A  thousand  parts  of  wo- 
man^s  milk  yielded,  phosfdiat  of  lime  2.500,  phosfdiat  of 
magnesia  0.500,  phosphat  of  iron  0.007,  phoqphat  of  soda 
0.400,  muriat  of  potash  0.700,  Uurtat  of  soda  0.800=s4.407|. 


*  BtastLiui^  Annals  of  Plifl.  toL  fi.  pw  48i«  f  IbUt 

t  Anndf  of  Phfl,  v.  p.  41. 
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Womim  V  miHc  contaiiis  more  cream  than  the  milk  of  the 
oow ;  and  the  dieese  and  butter  «re  so  intimately  umted 
that  it  is  very  £fieuk  to  effect  thdr  fieparation.  The 
milk  of  all  the  other  onimah  which  has  been  examined, 
contains  similar  ingredients,  but  in  yariable  proportions. 

The  most  mitrilious  portion  of  the  milk  is  usually  con- 
ffldered  as  the  cheese,  which  ap{»oaches  in  its  nature  to  al- 
bumen.  ^e  chdmB,  however,  of  aH  the  odier  ingredients 
to  be  considered  as  nutritious,  are  equally  strong.  They 
are  constantly  present,  and  consist  of  ingredients  needed 
by  the  young  systenL 

During  the  first  periods  of  infancy,  milk  is  the  only  diet 
administered  to  the  young  animal.    All  the  parts  of  die 
mouth  are  at  the  same  lime  soft,  and  adapted  exclusively  for 
sucking,  without  injuring  the  nipple.    By  the  dme  the  teeth 
make  their  appearance,  the  young  animal  is  beginning  to 
imitate  the  actions  of  its  mother,  and  attempting  to  eat  of 
the  food  which  she  employs.     Weaning  now  takes  place^ 
and  independent  existence  may  be  said  to  commence.    Be- 
tween this  period  and  old  age,  there  are  several  important 
stages  which  may  be  briefly  noticed.     The  ccuting  of  the 
teeih  is  the  mark  of  increased  activity  in  the  system.     Hie 
old  (Mies  drop  out,  or  are  worn  away,  and  new  ones,  better 
adapted  tot  acting  upon  the  food  now  made  use  of,  supply 
their  jdace.      Puberty  speedily  takes  place,  and  the  de- 
velopment and  influence  of  the  organs  of  the  reproductive 
system,  communicate  to  the  individual  impressive  marks  of 
sexual  distinction.     Maturity  succeeds,  with  its  accompa- 
nying strength  and  energy.     Old  age  at  length  approadies, 
with  its  feebleness  and  inactivity,  and  a  diminished  power 
of  goneraftiiig  heat  or  cokl.    The  hair  approadiea  to  iriule- 
ness.    The  teeth  fall  out,  and  the  means  of  obtaining  food 
thus  failing,  the  body  sinks  to  rest    Man  is  the  only  ani- 
mal that  can  counteract  the  fatal  consequences  attoMfing 
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the  loss  of  teeth,  by  adajMing  lib  food  ttt  Ae  altera  Mrtft^ 
of  the  nmstieatii^  ol-gidi%  $eA  ihvA  oudiV^  Ih^  period  fit 
whidi  the  Efe  of  t!he  afhet  ij^edieiihfdMiAeA  to  oMS^; 

Having  thus  gi^9^  a;  g^eraT  vieW  df  the  aditiitf  dtgftliil 
of  viyiparoiis  mAxbtilBf  and'^the  mtatei  in* WhSefi^  these' &ter. 
ciae  Ihdr  function^  we  a^  next  led' to  oonaidSsra  seoolid 
class  df  animals  with  distihd:  sexes,  in  wUi^  hbwever,  ibut 
OTum  is  not  nourished  1>y  the  circulating'  cr^Bteoi  df  the 
nother* 

II.   OVIFABOVS  ANfMA<.S. 

Amokg  the  TivipaTous  aniinals,  the  leproductiTe  otgaiia> 
presettt  many  pdnts  of  resend>lance,  and  appear  to  be  con^ 
structed  according  to  aoomnKm  model.  It  is  otherwise 
with  the  sexual  organs  of  the  ovipaixMis  tribes,  which  W^ 
are  now  to  conader.  They  exhibit  such  remarkable  diflfei 
rences  in  the  form  and  structure  of  tH  their  organs,  and 
occupy  so  many  different  mtuations,  diat  it  is  impossible  ta 
collect  them  into  natural  groups,  or  asagn  to  them  eharaci 
ters  which  they  have  in  common.  It  will  be  expedient 
therefore,  in  this  place,  to  avcnd  all  minuteness  of  detail^ 
and  to  take  notice  of  the  peculiar  modifications  of  the  sex- 
ual organs  exhibited  by  particular  tribes,  when  we  come  (6 
treat  of  these  in  the  general  classification. 

1.  Male  argdm. — In  the  essential  parts  of  the  male  or- 
gans  of  oviparous  animals,  few  modifications  6t  any  coiU 
sequence  present  themselves.  The  testes  are  always  coo. 
cealed  in  the  abdomen.  TBey  are  iH  general  tn^o  in  numi^ 
ber,  and  obviously  cKst&i^  fh>m  eadi  other;  but  in  soiM 
cases,  among  the  moUusea,  and  aSmnulosa,  th^  appear  iH 
be  collected  in  i  single  gioiip.  The  spermatic  duet  la 
either  double  or  8ii%le,  accM^l^  to  the  structure  rf  lii^ 
organ  froni  which  it  prooieeds;  and  at  its  esrtema}  tetmitta^ 
tion  in  birds,  for  example,  dther  openJs  into  a  tubtdar  perns^ 
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as  in  tbe  drake,  and  many  qpecies  of  the  infierior 
at  the  baae  of  a  solid  pema,  aloi^  which  there  is  a  groove, 
as  in  the  osbridi,  or  in  one  or  two  toberdes,  situated  in  the 
doaca,  the  cnmmnn  opening  of  the  ureters  and  rectum. 

The  influence  of  the  season  of  love  b  mudi  more  ooo- 
siderable  on  the  mak  organs  of  oviparous  than  viviparous 
animals.  They  increase  to  an  extraordinary  size,  appear 
full  of  apenn,  and  oociqpy  a  large  portion  of  the  cavity  of 
the  abdomen.  At  other  seasons  they  diminish  so  mudi, 
as  in  some  cases  to  be  detected  with  difficulty. 

1.  Female  organi,'--'AjDfaDg  the  oviparous  animalsi  the 
female  organs  exhibit  yery  remarkable  diiPereiices  in  thor 
structure  and  functions.  In  Inrds  the  ovarium  is  sii^^ 
while  in  fishes  it  is  double.  The  oviduct  either  leads  to 
the  cloaca  directly,  or  suffers  a  previous  uterine  enlaige- 
ment,  or  it  terminates  in  a  tubular  dongaticm,  to  which  the 
name  of  ofviporiior  has  been  applied. 

Before  considering  the  manner  in  whidi  impregnation 
takes  place,  it  is  necessary  to  pre  a  general  view  of  the 
structure  of  the  ^rg,  employing  that  of  the  hen  as  an  ex- 
ample. The  shdl  or  external  covering,  consists,  according 
to  Vauquxlik,  of  89.6  of  carbonat  of  lime,  5.7  of  phos. 
phat  of  lime,  and  4.7  of  animal  nuKtter.  It  is  penetrated 
by  numerous  pores,  through  which  air  passes  during  incu- 
bation.  On  its  inner  surface,  and  as  an  integument  to  the 
remaining  contents,  is  found  the  firm,  white  membrane 
termed  membrana  aUmmiNM.  At  the  larger  end  of  the 
^g,  this  membrane  indudes  a  cavity,  filled  with  atmosphe- 
ric air,  termed  ^/BBiarfm  aerisy  which,  by  degrees,  oikrges 
during  incubation.  The  membrane  indudes  the  f^aire  at 
white,  divioUe  into  two  layers,  each  surrounded  by  a  deli- 
cate membrane.  The  external  layer  is  the  most  fluid  and 
transparent  The  centre  of  the  egg  is  occupied  with  the 
tfolBCf  envdoped  by  its  peculiar  membrane,    termed  the 
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jfciBc-bag,  From  each  end  of  the  yolk  proceeds  a  white 
knotty  body,  which  terminates  in  the  glaiie  by  a  white  floc- 
culent  extremity.  These  knotty  bodies  are  called  the  cAo- 
laxutijatgrandines.  What  is  tenned  the  dcairicula,  or  tread 
of  the  cock,  is  a  round  milk-white  spot,  formed  after  im- 
ptegnation,  on  the  surface  of  the  yolk-bag,  and  surrounded 
with  whitish  concentric  circles,  termed  hdUmes,  The  glaire 
contains  chiefly  albumen  and  water,  and  the  yolk  has,  in 
addition,  a  portion  of  cnl,  to  which  it  owes  its  yellow  colour. 

The  glaire  and  the  yolk  are  common  to  all  eggs,  differ- 
ing gready,  however,  in  many  of  their  characters.  Where 
the  egg  is  destined  to  be  hatched  in  water,  the  glaire  is  a 
substance  intermediate  between  gelatine  and  albumen,  and 
capaUe  of  resisting  the  macerating  effects  of  the  surround- 
ing fluid.  The  yolk  is  sometimes  single,  as  in  the  eggs  of 
insects,  or  compound,  produdng  in  one  egg  many  young, 
as  in  some  species  of  leeches.  The  membrana  albuminis  is 
present  in  many  eggs,  while,  in  sereral  cases,  thfe  glaire  of 
many  yolks  is  united  to  form  a  connected  mass. 

In  birds,  the  ovarium  appears  like  a  bunch  of  grapes, 
consisting  of  the  bags  containing  the  yolks,  with  their  stalks 
of  attachment  When  the  yolk  has  attained  its  full  size^ 
the  bag  or  calyx  in  which  it  is  contained,  analogous  to  a 
corpus  luteum,  exhibits  a  white  shining  line,  marking  the 
intended  opening,  which  at  length  takes  place,  and  suffers 
the  yolk  to  escape  into  the  expanded  extronity  of  the  ovi- 
duct The  caljTx  is  by  Aegcees  absorbed,  and  in  old  age 
nearly  disappears.  The  yolk,  in  passing  along  the  oviduct, 
acquires  the  ghure,  and  Ukewise  the  sheD,  and  becomes  fit 
for  exclusion. 

The  manner  in  which  the  eggs  of  birds  are  impregnated 
by  the  male  has  not  been  sadsflK^torily  determined.  With 
the  exception  of  the  cicatricula,  a  bird,  in  the  absence  of  a 
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male,  can  produce  an  ^;g.  The  ooojiiiiGtiOD  of  the  sexes, 
however,  k  neceraary  for  the  UDpe^gnatkm  of  the  egg,  and 
the  effect  is  {uroduced  previoua  to  the  exduaioD. 

In  many  kinds  of  fishes  and  rqitiks,  the  yidka^  nfter  Joe- 
ing furnished  with  their  ghnie,  are  ejected  from  the  body 
of  the  fenude,  and  the  imprq;iiatuig  fluid  of  the  jDsale  is 
afterwards  poured  over  them.  Impregnatkm  caa  be  eject- 
ed reaifily  in  such  cases,  by  the  artificial  application  of  the 
q)emuitic  fluid. 

Impr^nation  in  insects  appears  to  take  plaee  while 
the  eggi   pass  a  reserroir  oontaimng  the  sperm,  ntu- 
ated  near  the  tenmnation  of  the  oviduct   in  the  vul- 
va.   ^*  In  dissecting,^  says  Johm  HtrvTmB,  to  whom  we 
owe  the  discovery,  ^*  the  fiemale  piurts  in  the  silk  malh, 
I  discovered  a  bag  lying  on  what  may  be  called  the  va- 
gina, or  common  oviduct,  whose  mouth  or  opening  waa 
external,  but  it  had  a  canal  of  communication  between  it 
and  the  common  oviducts    In  dissecting  these  parts  before 
copulation,  I  found  this  bag  empty  ;  and  whan  I  disseded 
them  after,  I  found  it  full  *.*"    By  the  most  decisive  expe- 
riments, such  as  covering  the  ova  of  the  unimpregoated 
moth,  after  exdusioo,  with  the  liquor  taken  fiom  tins  bag 
in  those  which  had  sexual  intercourse,  and  roidmBg  them 
fertile,  he  demonstrated  that  this  bag  was  m  reservmr  for  the 
spermatic  fluid,  to  impregnate  the  eggs  as  they  were  ready 
for  exclusion,  and  that  coition  and  impregnation  were  not 
simultaneous.     It  has  not  been  de^betuuned  whether  the 
same  arrangement  prevmls  in  all  insects.     This  is  a  very 
near  approach  to  the  external  impr^naUon  ot  the  ova,  aait 
takes  place  in  many  fishes  and  reptiles. 

After  the  ovum  has  been  impr^nated  and  ejected^  it  re- 

•  PhU.  Trans.  1792,  p,  18(5 
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quireB  a  detenninate  temperature  to  excite  the  germ  to  ac- 
tion ;  the  nourishment  is  obtained  from  the  glaire  and  the 
yolk  by  means  of  umbilical  vessels,  and  the  process  of  aera- 
tion is  effected  through  the  pores  of  the  shell,  and  the  walls 
(tf  the  felUcuhn  aeris,  or  by  the  intervention  of  the  common 
membrane  or  glaire  *-  The  hatching  is  accx>mp1ished  at 
different  periods,  and  by  the  use  of  different  means. 


*  TIM  foSkomvug  dcacriptfcm  of  the  tappmnncm  of  tlie  incubated  egg  of 
Uie  coKuaon  heof  maj  not  be  uaecoepUble  to  the  reader :  ^<  A  soiaH  ehiii- 
iog  spot  of  an  elongated  form,  with  rounded  extremitiea,  but  narrowest  in 
the  middle,  is  perceived  at  the  end  of  the  first  day,  not  in  nor  upon  the  ci« 
attneuto,  bttt  very  dear  that  part  on  Ae  yolk-bag.  This  may  be  said  to 
appear  hefhrcimid,  tm  the  abode  of  the  ehicic  wUeh  is  to  follow:**— «<  No 
traceof  the  latter  can  be  diaoemed  before  the  beginning  of  theseccsidday; 
and  then  it  has  an  incurvated  foim^  resembling  a  getatinous  fikunent  with 
*  large  extxemitiea,  very  closely  surrounded  by  the  amnion,  which  at  first  can 
scaredy  be  distinguished  from  it. 

«(  Abottt  tWa  tiaie  the  faalones  enlaige  their  drdes ;  but  they  soon  ufter 
disappear  entirely,  as  well  as  the  cicatricula. 

M  ThefljMi^peBianoeof  rsdbloodisdiseemedon  thesurlholBof  the  yolk- 
bag,  towards  the  end  of  the  second  dqr*  A  series  of  points  is  obaerved, 
which  form  grooves,  and  these  dosing,  consHtute  vessels,  the.  trunks  of 
which  become  connected  to  the  chick.  The  vascular  snrfoee  itadf  Is  called 
JigMirm  vsMsM,  or  mna  voscMlssst  and  the  vesnl  by  whidi  Ite  margin  is  de- 
fined, vena  termuuUia»  The  trunk  of  all  the  veins  joins  ttte  vena  ports  ; 
while  the  arterfee  whidi  ramiff  on  tlie  yolk-bag  arise  from  the  mesenteric 
artery  of  the  chick. 

««  On  the  commencement  of  the  lliird  day,  the  neirty  formed  heart  is 
discerned  by  mema  of  ita^triple  pidaatiBB,  and  cuuailtmsa  a  thMaflild  ptme^ 
tem  aa^isfis.  Some  paits.oC  the incnbated  dUcken  are  deatfaMiEl'  t»  imdiigo 
saooeasive  altoatioaa  in  their  fonn,  and  this  holds  good  of  the  heart  in  per^. 
ticuhur.  Is  its  first  frrmatiea,  it  resembles  a  tortuous  canal«  andconsists  of 
three  dilatations  lying  dose  together,  and  aminged  in  a  trian^  One  of 
dicee,  which  is  property  the  right,  is  then  the  common  auride,  the  other  is 
the  common  ventricle,  but  afterwards  the  left ;  and  the  third  is  the  dOated 
part  of  the  aorta. 

Dd  2 
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The  most  simple  mode  of  hatching  is  effected  by  the 
mtuation  in  which  the  eggs  are  placed  by  the  mother,  after 


"  About  the  mo»  time,  the  epiae,  which  ww  otigiiial^  erteaded  in  a 
stnight  line,  becomes  incurvated  r  and  the  dktinctioo  of  the  vcrtctec  is 
very  plein.  The  eyes  may  be  distingoished  by  their  Uack  pigment,  and 
compantively  immense  siie ;  and  they  are  afterwards  remarlcaUe  in  conse- 
quence of  a  peculiar  slit  in  the  lower  part  of  the  iiis. 

««  From  the  fourth  day,  when  the  chiclcen  has  attained  the  length  of 
four  linee,  and  its  most  hnporlant  abdmnina!  visoera,  as  the  stomach)  intes- 
tines,  andhver,  are  visible,  (the  giU4iladdcr,  however,  does  not  appnr  tiS 
the  sixth  day),  a  vascular  membrane  (cAerwM,  or  memhrtma  nwtflicaliO,  be* 
gins  to  fonn  about  the  navel,  and  encieases  in  the  following  days  with  audi 
rapidity,  that  it  eovers  nearly  the  whole  inner  soiftce  of  the  thdl  wilhhi  the 
membnna  albumhiis,  during  the  latter  half  of  incubatloo.  Thhseemam  sop^ 
ply  the  place  of  the  lungih  and  to  cany  on  the  lespiiatiaiy  pioeess  iiMttad  of 
those  oigans.  The  lungs  themselves  begin,  indeed,  to  be  temed  on  tito 
41th  day;  but,  as  in  the  fetus  of  the  mammalia,  they  must  be  quite  incapa* 
Ue  of  perferming  their  AmcUons  while  the  chick  is  contained  in  the  amnioB. 
^«  Volunauy  motion  is  irst  observed  on  the  sixth  day,  when  the  chick 
is  about  seven  lines  in  length. 

««  Ossification  commences  on  the  ninth  day,  when  the  osslfic  joiee  is  fiiat 
secreted,  and  hardened  bite  bony  points.  These  form  the  rudiments  of  (he 
bony  ring  of  the  sclerotica,  which  resembles  at  that  tfane  a  drcuter  tow  of 
the  most  delicate  pearls. 

««  At  the  same  period,  the  maiks  of  the  degant  ycUow  vesada  oa  the 
yolk-bag  b^gin  to  be  visible. 

««  On  the  fourteenth  day,  the  feathers  appear;  and  tttB  animal  is  now  abfe 
to  open  its  mouth  for  air,  if  taken  out  of  the  egg. 

««  On  the  nineteenth  day,  it  is  able  to  utter  sounds ;  and  on  the  Cwenty- 
fint  to  brsak  through  its  prison^  and  commence  a  ssoond  Ufe. 

««  The^horiott,  that  most  simple  yet  most  perfeettsmpefary  subatllate  ftr 
the  lungs,  if  examined  in  the  latter  half  of  incabatioD  in  an  egg  very  cauti- 
ously opened,  presents,  without  any  artificial  iigectian,  one  of  the  moat 
splendid  spectacles  Ihat  eccnn  in  the  whole  orgsnie  crsation.  It  exhibita  a 
sttifoce  ooveved  with  numberless  raaifieatione  of  venona  and  arterial  veasds. 
The  latter  are  of  the  bright  seailet  colDur,  aa  they  are  canyiog  oiTgenaM 
blood  to  the  chick ;  the  veins,  on  the  contrary,  are  of  the  deep  or  livid 
Kd,  mid  bring  the  carbonated  blood  ttam  the  body  of  the  anhnat    Thdr 
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or  during  thar  excluaon.  In  this  mode,  a  place  is  usual- 
ly selected  where  the  egg  will  be  exposed  to  a  suitable  and 
unifonn  temperature,  and  where  a  convenient  supply  of 
£9od  may  be  easily  obtuned  for  the  young  animals.  Such 
arrangements  prevail  in  insects. 

In  the  second,  the  mother  (aided  in  some  cases  by  the  ^re) 
forms  a  nest,  in  which  she  deposits  her  eggs,  and,  sitting 
upon  them,  aids  their  hatching  by  the  heat  of  her  body. 
Birds  in  general  hatch  their  young  in  this  manner. 

In  the  last,  the  eggs  are  retained  in  the  uterus,  witliout 
any  connection,  however,  by  circulating  vessels,  until  the 
period  when  they  are  ready  to  be  hatched,  when  egg  and 
young  are  expelled  at  the  same  time.  This  takes  place  in 
some  sharks  and  moUusca.  The  animals  which  exercise 
this  last  kind  of  incubation  are  termed  OvovtxAparous.    In 


trunks  «re  connected  with  the  iliac  vessels,  and,  on  account  of  the  thinness 
of  their  coats,  they  afford  the  hest  microscopical  object  for  demonstrating 
the  circulation  in  a  warm-blooded  animaL 

•  ^  The  other  membrane,  the  wumbroMa  viteSi,  is  also  connected  to  the  body 
of  the  chick,  Iwt  by  a  twofold  union,  and  in  a  very  diilbrent  manner  from 
the  former.  It  is  joined  to  the  small  intestine  by  means  of  the  dueivt  mtd" 
lo-mtetHnak» :  and  also,  by  the  bloodvessels  which  have  been  already  men^ 
tioned,  with  the  mesenteric  artery  and  vena  ports. 

"  In  the  course  of  the  jncubation,  the  yolk  becomes  constantly  thinner 
and  paler  by  the  admixture  of  the  inner  white.  At  the  same  time,  innu- 
merable fringe-like  vessels  with  flocculent  extremities,  of  a  most  singular 
and  unexampled  structure,  form  on  the  inner  surface  of  the  yolk-bag,  oppo- 
site to  the  yellow  ramified  marks  above  mentioned,  and  hang  into  the  yolk. 
There  can  be  no  doubt  that  they  have  the  office  of  abeorbing  the  yolk,  and 
conveying  it  mto  the  veins  of  the  yolk-bag ;  where  it  is  assimilated  to  the 
blood,  and  applied  to  the  nutrition  of  the  chick.  Thus,  in  the  chicken  which 
has  just  quitted  the  egg,  there  is  only  a  remainder  of  the  yolk  and  its  bag 
to  be  discovered  in  the  abdomen.  These  are  completely  removed  in  the 
following  weeks,  so  that  the  only  remaining  trace  is  a  kind  of  cicatrix  on  the 
surfaceof  the  intestine.**^  Bluiieiibach^s  Comparative  Ahcitomy,  London, 
1SQ7,  p.  479-484. 
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the  Rana  pipa,  the  ^gs  are  deponted  in  a  hag  on  the 
beck,  where  they  are  hatched,  and  where  the  young  ani- 
mals reside  for  some  time  after  birth.  Some  ammalg,  as 
the  Aphis,  are  oviparous  at  one  seaaon,  and  ovoviviparous 

at  another. 

In  what  manner  the  blood  of  the  embryo  of  ovoviviparous 
animals  is  aerated,  has  not  been  satisfactorily  determined. 

The  young,  after  being  hatched,  are,  in  many  cases,  inde- 
pendent of  their  parent,  and  do  not  stand  in  need  of  any 
•assistance:  they  are  bom  in  the  midst  of  plenty,  and  have 
organs  adapted  to  the  supply  of  their  wants.  Thus,  many 
insects  are  hatched  on,  or  within  the  very  leaves  which 
they  are  afterwards  to  devour.  In  other  cases,  the  young 
are  able  to  follow  th^  parents,  and  receive  from  them  a 
supply  of  appropriate  food ;  or  if  unable  to  follow,  thor 
parents  bring  their  food  to  the  nests. 

The  changes  which  the  young  of  oviparous  animals  un- 
dergo in  pas»ng  from  infancy  to  maturity,  have  long  at^ 
tracted  the  notice  of  the  inquisitive  observer.  The  e^  of 
the  frog  is  hatched  in  the  water,  and  the  young  aiumal 
spends  in  that  element  a  part  of  its  youth.  While  there, 
it  is  furnished  with  a  tiul  and  external  branchise ;  both  of 
which  are  absorbed,  and  disappear,  when  it  becomes  an 
inhaUtant  of  the  land.  The  infancy  of  the  butterfly  is 
spent  hi  the  caterpillar-state,  with  organs  of  moticm  and 
mastication  which  are  peculiar  to  that  period.  It  is  de- 
stined to  endure  a  second  hatching,  by  becoming  envelop- 
ed in  a  covering,  and  sufiering  a  transformation  of  parts 
previous  to  appearing  in  its  state  of  maturity.  These  metiu 
morphoses  of  oviparous  animals  present  an  almost  infinite 
variety  of  degrees  of  change,  differing  in  character  accord- 
ing to  the  tribes  or  genera. 

In  birds,  it  is  well  known  that  one  sexual  union  suffices 
for  the  production  of  impregnated  eggs  during  the  period 
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ci  laying.  This  is  a  case  somewhat  analogous  to  those 
quadrupeds  which  produce  several  young  at  a  birth  with 
one  impregnatioii,  di&ring,  however,  in  the  circumstanoe 
that  the  eggs  are  not  all  produced  at  the  same  time^  al^ 
though  the/tane  afterwards  hatched  by  the  same  incubatioD. 
In  the  4tplddes9  or  planUlioe,  as  they  are  called,  one  im- 
prq|;nation  not  only  renders  fertile  the  egffi  of  the  indivi- 
dual, but  the  animals  produced  from  these,  and  the  eggs 
of  those  agfun,  unto  the  ninth  generation*. 

III.  Androgynous  Animals. 

The  structure  of  the  reproductive  system  in  those  ani- 
mals which  have  the  sexes  uiuted  in  the  same  individual, 
exhibit^  two  distinct  modifications.  In  the  first,  impregna^ 
Uon  can  only  be  efiected  by  the  union  of  two  individuab. 
In  the  second,  the  hermaphroditism  is  complete,  and  im- 
pr^;nation  takes  place  without  any  assistance. 

1.  In  nearly  all  those  androgynous  animals,  where  there 
is  sexual  union,  the  testicle  is  single, — there  is  an  external 
penis,— «nd  the  opening  for  the  escape  of  the  spermatic 
fluid  is  situated  at  its  base.  The  ovarium  is  also  single. 
The  external  openings  of  both  oigans  are  uniformly  situat- 
ed on  one  side  of  the  body.  In  some  cases,  they  terminate 
in  a  common  cavity,  while,  in  others,  the  openings  of  the 
male  and  female  organs  are  removed  to  some  distance  £rom 
each  other. 

Impr^ination,  in  the  animals  now  under  consideration, 
takes  place  internally,  by  the  mutual  application  of  the 
sexual  organs  of  two  individuals.  The  eggs,  in  a  few  qpe- 
cies,  are  retained  until  hatdied ;  but,  in  general,  they  are 


*  '*  ObservatMHw  on  the  Aphides  of  LtnmMvt^**  by  Dr  Wm.  Rics*B.iitov, 
PhaLTrMs.  1771,  p.  1S2— 194. 
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excluded  a  short  time  after  imprq;iiatkiii.  Even  without 
being  impregnated,  the  female  organs  can  produce  eggs 
snniiar  in  mze  and  i^peaianoe  to  the  perfect  ones,  but 
which,  as  possessing  no  vitality,  soon  go  into  decay.  This 
we  have  often  witnessed,  when  a  single  individual  of  one  of 
the  Lymnsei  has  been  confined  in  a  vessel  of  water. 

Examples  of  this  condition  of  the  reproductive  system 
do  not  occur  in  any  of  the  tribes  of  vertelnnl  aiumak. 
They  are,  however,  very  common  among  the  moUusca, 
particularly  in  the  pulmoniferous  gasteropoda,  as  the  snail 
and  slug. 

It.  In  those  androgynous  animals  where  the  hermaphro- 
ditism is  complete,  the  male  organs  have  not  been  satis&c- 
torily  ascertained.  During  the  season  of  conception,  the 
ovarium  is  replete  with  a  milky  fluid,  which  is  probably 
the  sperm,  and  which  has  been  conjectured  to  proceed 
from  a  testicle  concealed  by  being  incorporated  with  the 
ovarium. 

The  eggs,  in  some  cases,  are  ejected  from  the  body  pre- 
viously to  their  being  hatched,  while,  in  others,  they  are 
hatched  internally.  In  these  last,  as  among  the  Molluaca 
4»nchifera,  the  young  are  sometimes  fimind  in  the  gills, 
into  which  they  have  escaped  from  the  ovarium. 

Examples  of  this  structure  of  the  reproductive  system 
'Occur  in  the  whole  of  tlie  molluscous  animals  belonging  to 
the  classes  Conchifera  and  Tunicata. 

IV.  Gemmipauous  Animals. 

In  the  reproductive  systems,  which  we  have  hitherto  been 
considering,  sexual  organs  could  be  distinctly  percaved. 
In  those  to  which  our  attention  is  now  to  be  directed,  nei- 
ther male  nor  female  organs  can  be  detected.  No  separate 
act  of  impregnation  is  required ;  but  the  young  are  pro* 
4uceil  by  buds  forming  on  the  surface  of  tlie  bcxly,  and 
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fiedling  off,  upon  maturity,  to  the  enjoyment  of  independent 
existenoe.  The  gemmiparoua  mode  of  reproduction  is  veiy 
strikingly  eisemplified  in  the  gemu  Hydni,  or  Fresh-water 
Polypus.  The  rudiment  of  the  future  young  polypus  as^ 
pears  as  a  small  tubercle,  produced  by  an  elevation  of  the 
skin  of  the  parent;  afterwards  it  projects  still  fiuther,  and 
acquires  an  opening  iot  its  mouth  and  the  tentacule  sur- 
rounding its  margin;  a  natural  separation  then  takes  place 
between  the  lower  part  of  the  young  animal  and  the  skin 
of  the  parent,  when  it  becomes  detached  and  independent. 
Two  or  more  such  buds  may  be  observed  expanding  <hi 
the  same  parent  at  once;  and,  previous  to  the  young  dn^ 
ping  oflP,  other  buds  may  be  observed  evolving  on  their 
surface. 

This  mode  of  rq>roducdon  appears  to  be  confined  to  the 
class  of  Zoophytes.  It  is  not,  however,  the  only  method 
of  generation  exhibited  by  these  animals.  The  Sertularise 
not  only  increase  by  the  lateral  evolution  of  thrir  young, 
but  by  the  producticm  of  vesicles  ccmtaining  ova. 

As  nearly  related  to  the  gemmiparous  mode  of  reproduce 
tion,  we  may  here  take  notice  of  the  multiplicaticm  of  ani- 
mals by  the  Spanianeous  Division  of  their  bodies.  The 
celebrated  Ellis,  in  consequence  of  a  hint  he  received  from 
M.  Dk  Saussurb,  examined  several  species  of  the  ani- 
malcula  in/uMoria,  in  which  he  observed  the  body  b^;ui 
to  contract  in  the  middle,  and  at  length  to  become  divided 
by  a  transverse  separation.  Each  of  the  parts  assumed  an 
independent  existence^.  The  celebrated  Muller  like- 
wise observed  this  angular  multiplication  of  individuals 
taking  place  both  transversely  and  longitudinally  f .    A  si- 

•  PhiU  Tnms.  1709,  p.  138. 

f  Animalcula  infiooria,  fluviatilia  et  marina,  quae  detexit,  ftystematice 
descripait  et  ad  vivum  delineari  caravit,  0.  F.  Muliek.  HaTiiiae  1786, 
prcf.  p.  ix. 
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milar  mode  of  propagation  ha«  been  obaenred  among  the 
Nerade  and  Planarise. 

Doubts  have  been  reasonably  enteitained  whether  this 
is  A  natural  mode  of  propagating  individuals.  Ellis  de- 
livers  his  qpinion  on  the  subject  with  little  hesitation.  **  The 
pioportioD,  (says  he),  of  the  number  of  the  animals  which 
I  have  observed  to  divide  in  this  manner,  to  the  rest,  is 
searoe  1  to  fiO ;  so  that  it  appears  rather  to  arise  from 
hurts  received  by  some  few  animakola  among  the  many, 
than  to  be  the  natural  manner  in  which  these  kinds  of  animals 
multiply ;  especially  if  we  connder  the  infinite  number  of 
young  ones  whidb  aro  visible  to  us  through  the  transparent 
sidns  of  their  bodies,  and  even  the  young  ones  that  are  vi- 
sible  in  those  young  ones,  while  in  the  bodies  of  the  dd 
ones  ^.'^  The  multiplication  of  individuals  by  artificial  di- 
viskm,  countenances  sudi  an.  opinion.  The  eommon  Hy* 
dra,  which  is  naturally  gonmiparous,  may  be  cut  into  two 
or  more  parts ;  and  each  detached  portion,  by  repairing' 
the  wound,  and  supplying  what  is  defective,  will,  in  a  short 
time,  become  a  perfect  animal.  Such  divisions  are  amilar 
to  slips  or  grafts  in  the  vegetable  kingdom;  and  ai* 
though  they  obviously  are  merely  extensions  of  an  indivi* 
dual,  yet,  by  acquiring  new  organs,  and  becoming  capal)ie 
of  exercising  distinct  volitions,  they  acquire  an  identity  pe- 
culiar to  themselves.  They  are  multiplieatknis  of  indivi- 
duals at  least,  and,  consequently,  serve  the  same  purposes 
as  the  products  of  those  other  modes  of  generation  which 
have  been  r^arded  as  more  perfect  "f-.     They  aflbrd  very 

•  PhiL  Trans.  1769,  p.  143. 

*t>  Many  respectable  botanists  and  borticulturists  of  the  present  day  ap« 
pear  to  regard  all  plants  produced  from  cuttings,  layen,  roots  or  bods,  as 
extenMumM  merely  of  those  plants  to  which  they  originally  bdongcd,  and  as 
being  influenced,  in  reference  to  their  duration,  by  circumstances  diiftrent 
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Striking  illustrations  of  that  repairing  attribute  of  the  vital 
principle,  to  which  our  attention  has  been  already  (p.  19.) 
directed. 


fimn  those  which  regulate  the  continuance  of  plants  obtauaed  immediate- 
ly from  the  gennination  of  the  seed.  Mamball^  in  his  Rural  Eoo^ 
nomy  of  Glooestenhfre,  published  1789,  voL  iL  p.  239.,  remarks,  '^  En- 
grafted fruits  are  not  permanentt  thej  oontii^ue  but  for  a  time.**  Kviaazy 
in  hifr  Treatise  on  the  Culture  of  the  Apple  and  Pear,  p.  6.,  has  followed  up 
the  same  idea,  when  he  says,  ^'  The  continuance  of  evoy  variety  appears  to 
be  confined  to  a  certain  period,  during  the  early  part  of  which  only  it  can  be 
propagated  with  advantage  to  the  planter.**  Bdckvall  carries  these  views 
fltiU  fkuther :  Traiis.Soc.  En.  Arts  voL  xvU.  p.  208.  ^  When  t^fint  «Mb 
shall,  bf  mece  dint  of  old  age,  fall  into  actual  decay,  a  nibili^of  vc|;etatiDo, 
—the  desoetMieate,  however  young,  or  in  whatever  situation  Hbfiy  may  be, 
will  gradually  decline ;  and  from  that  time  it  would  become  imprudent,  in 
point  of  profit,  to  attempt  propagating  that  variety  from  any  of  them.** 
From  these  statements.  Sir  Jam  as  E.  Smith,  Introd.  BoL  pu  138.  and  139. 
seegoas  to  consider  it  •b  esublished,  that  '« propagiujon  by  seeds  is  the  oolly 
true  reproduction  of  plantb** 

The  sympathy  which  is  here  considered  as  prevailing  between  the  parent 
stock  and  its  extensions  or  descendents,  or  the  dependence  of  the  lift  of  the 
latter  on  the  duration  of  that  of  the  former,  the  basis  of  this  opinion,  is  not 
only  unsupported  by  proof,  but  is  directly  at  variance  with  a  multitude  of 


The  wall-flower  and  sweet-william  plants,  whose  natural  temi  of  life  rare- 
ly extends  beyond  two  years,  cft  until  all  the  branches  flower  once,  may  be 
continued  for  many  years,  by  beuig  propagated  by  means  of  cuttings  of 
the  dips.  Even  the  annual  stem  of  the  Scarlet  Lychnis,  may  be  convert- 
ed into  separate  plants  of  many  years  duration.  If  the  existence  of  this  de- 
pendence of  the  plants  derived  from  cuttings,  on  the  life  of  the  parent  phmt 
from  which  they  were  taken,  can  thus  be  disproved  in  those  spedes  on 
which  we  can  most  easily  make  accurate  obeervations,  it  must  appear  un- 
philoaophical  to  believe  that  it  exists  in  those  which  outlive  us  by  many 
csoturies,  and  the  laws  of  whose  duration,  therefore,  have  not  yet  been  de- 
tsnnined. 

The  distmction  between  propagation  by  seed,  and  extension  by  cuttings, 
if  restricted  tq  the  manner  of  multiplying  pUuits,  may  be  harmless  in  science, 
and  in  horticulture  useful ;  but  when  it  includes  an  expression  of  a  law  of 
vegeuUe  life,  of  difference  in  the  products,  as  if  the  plants  obtained  by  the 
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V.  Hybridous  Animals. 

In  the  accompli  Ament  of  the  important  purpose  of  ge- 
neration, it  is  observed,  that,  in  the  season  at  We,  indivi- 


fonner  method  eiyqyed  an  individuality  distinct  in  iti  natmne  from  the  i«- 
adlts  of  the  latter,  we  are  disposed  to  condnde,  that  it  is  a  distinction 
which  has  heen  incautioody  adopted  and  which  is  apt  to  midead. 

That  many  of  the  valnable  dder  and  petry  fruits  of  the  seventeenth  cen- 
tury have  already  disappeared^— parents  and  extensions,  and,  tfiat  some  of 
xmx  present  fruits  are  gradually  wearing  into  decay,  are  ftets  whidi  have 
been  satisfrwtorily  established.  But  in  order  to  account  for  these  extinctions, 
it  Is  not  necessary  to  admit,  tliat  all  cuttings  are  limited  in  their  duration  to 
theteimof  Ufe  of  the  parent  from  which  they  have  been  taken.  The  whole 
phenomena  seem  sfanply  to  intimate,  that  extensions  from  a  iitseased  ^arear, 
are,  in  many  cases,  diseased  likewise,  and  that  Che  skill  and  industiy  of  the 
horticulturist  cannot  lestere  such  to  a  healthy  state. 

To  have  combated  the  assertion,  that  prcpagci&m  by  teedt  U  tke  otify 
tme  ftfroduetioii  rf  pUmU,  would  liave  been  uimecessaiy,  had  it  not  been 
made  by  a  deservedly  oclebfated  botanist,  whose  authority,  however,  is 
much  greater  in  systematical  than  in  physiological  botany.  That  method  of 
reproduction  in  plants  must  suzdy  be  regarded  as  genuine,  which  is  enu 
ployed  by  Nature  uniformly  and  extensively. 

In  many  cases,  the  multiplication  of  individuals  takes  place  in  the  same 
plant,  both  by  extensions  and  seed.  Among  the  hctbaceous  plants,  many  of 
which  are,  in  fiwt,  annuals,  the  apedes  ofOrchlsand  Tnlipamay  be  noticed. 
Seeds  are  produced  in  these  by  the  ordinary  reproductive  organs.  At  the 
same  time  each  individual,  before  dosing  its  life  of  a  year,  prepares  a  de- 
oendent  or  bulb,  which  the  following  year  supplies  Its  place,  when,  perhaps, 
not  a  single  seed  which  it  has  produced  has  germinated.  The  continuance 
of  many  spedes  whose  seeds  geimbate  with  difficulty,  depends  on  fheae  ra- 
dical extensions  or  bulbs.  Such  natural  extensions  are  not  eonfinedto  the 
monoootyledonous  groups;  they  occur  in  decotyledonons  plants  also;  and 
•among  many  of  the  acotyledonous  tribes,  there  is  no  other  natural  method 
of  reproduction  known. 

In  other  cases,  where  the  oontinuance  of  the  spedes  could  not  be  eIRected 
by  the  ordinary  methods  of  impr^j^nation  and  the  production  of  seeds,  the 
reproductive  system  furnishes  bulbs,  or  extensions,  to  supply  their  place; 
In  the  case  of  the  vivtparoKt  grMte»y  the  germs  which  are  to  form  (he 
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duals  of  a  particular  species  are  drawn  together  by  mutual 
sympathy,  and  excited  to  action  by  a  common  propen* 
sity.  The  produce  of  a  conjunction  between  individuals 
of  the  same  spedes,  partakes  of  the  characters  common  to 
the  species,  and  exhilnts  in  due  time  the  characteristic 
marks  of  puberty  and  fertility.  In  a  natural  state,  the  ae* 
i^vea^^rj&ii^drthe  procreative  instinct  unerringly  guides 
the  individuals  of  a  spedes  towards  each  other,  and  a  prC' 
vmHve  aversion  turns  them  with  disgust  from  those  of  an- 
other kind. 

In  a  domesticated  state,  where  numerous  instincts  are 
suppressed,  and  where  others  are  fostered  to  excess,  indivi- 
duids  bebnging  to  different  spedes  are  sometimes  known 
to  lay  aside  their  natural  aversion,  and  unite  in  the  bun* 
ness  of  propagation.  Instances  of  this  kind  occur  among 
quadrupeds,  Inrds  and  fishes,-— among  viviparous  and  ovi- 
parous animals,— where  impr^nadon  takes  place  within 
as  w/ell  as  when  it  is  eflected  without  the  body.  The  pro- 
duct  of  such  an  mmatund  union  is  termed  a  Hybridous 
animal.  The  following  circumstanoes  appear  to  be  oon> 
nected  with  hybridous  productions; 

1.  T7te  parenU  mmst  belong  to  ff^  eaime  natural  genus 
or  ^/bfiitjy.— There  are  no  exceptions  to  this  law.  Where 
the  species  difier  greatly  in  manners  and  structure,  no  con- 
straint or  habits  of  domestication  will  force  the  unnatural 
union.    On  the  other  hand,  sexual  union  sometimes  takes 

jsnng  pluti,  aie  ivepaed  in  Uie  abwnoe  of  leziial  otgaiiB,  and,  fiooMqnent- 
]y,  without  impregnation.  Upon  IkUing  off  ftom  the  parent,  they  ttrike 
root  and  enjoy  an  individnality  of  charaeter,  as  decided  as  if  the  lepfodne- 
tire  QKgans  had  gone  through  the  whole  of  the  ordinaiyprooeai.  By  means 
of  such  eztenaions,  and  without  erer  producing  eeeda,  the  Festnca  Tiyipan 
ia  fbond  in  eveiy  pastare  Seld  of  the  northern  idands  of  Scothind.  When 
extenalons  are  obtained  from  healthy  parents^  or  geoeiated  by  inch,  thefar 
dioation  wiU  piobably  extend  to  the  ordinary  tenn  aaiigned  to  the  apeek^ 
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plaee  maotig  ibdividiiuiki  of  nearly  related  qpedes.  Thus, 
aflKXDg  quadrupeds,  the  muk  is  the  {»oduce  of  the  unton 
of  the  horse  and  the  ass.  The  jadudl  attd  the  wolf  hodi 
breed  with  the  dog.  Among  Urds,  the  eaaery  and  gcJd* 
findi  breed  together,  the  Muscovy  and  common  dudi,  and 
the  {feasant  and  hen*  Amon^  fishes,  the  carp  has  been 
known  to  breed  Xvith  the  tench,  the  enisian,  and  even  the 
trout  *. 

S.  Tfte  Pmremis  muH  be  in  a  confined  or  domestieaied 
etaie.^^In  all  those  hybridous  productions  which  have  yet 
been  obtained,  these  is  no  exampfe  of  infividoak  of  one 
species  givmg  a  sexud  preference  to  those  of  another. 
Among  quadrupeds  and  birds,  those  individuals  of  difierent 
species  which  hafve  united,  luive  been  confined,  and  exclud- 
ed fmn  aU  intercourse  wkh  these  of  their  ownr  kind.  In 
the  case  of  hybridous  fidies^  the  ponds  in  winch  they  hcve 
been  produced  have  been  small  and  oiverstodied,  and  no 
natural  proportion  obaerved  betwe^  the  males  and  females 
of  the  different  kinds.  As  the  impr^pnating  fiuid,  in  such 
situaMns,  La  spread  over  the  eggs  after  exdurion,  a  porticm 
of  it  belonging  to  one  spedes  may  have  come  in  contact 
with  the  unimpregnated  eggs  of  another  specnes,  by  the  ac- 
cident^ movements  of  the  walber,  and  not  in  consequence 
of  any  unnatural  effort. 

In  all  cases  of  this  unnatural'  union  among  birds  or  qua- 
drupeds, acbnaderable  degree  of  aversion  is  always  exhibit- 
ed, a  circumstance  which  never  occurs  among  individui^ 
of  the  same  species  -f, 

•  PhiL  Trans.  1771,  p.  31d. 

X  JoHM  HvHTBJi  having  succeeded  ia  producing  a  breed  between  the 
dog  and  the  wolf  and  jackall,  hastily  concluded  that  they  all  bdoqged  to  the 
spcoiee,  by  overlooking  the  aversion  to  the  intercoune  which  was  exhibited. 
Phil.  Trans.  1787,  pi  253.  and  1789,  p.  160. 
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S.  Th$  H^nidaus  Proimcti  arebmrrgn^ — The  poeidiac 
cnrcumatanees  irfaich  are  required  to  bring  aixHit  a  spxmd 
iiiiioB  betweea  indWidualff  cf :  Aferenl  specie^  suffieisHlly 
floeoimt  for  the  total  abaence  of  hyfatidoiiB  produetaMB  in  a 
wild  state.    And,  as  if  to preaenre  even  ina  domestieated 
state  the  inOtoduetioii  and  extenskon  cf  spinrioiM  fareeda, 
audi  hybridouB  ammab,  though  in  many  caaes  dispoaed  to 
sexual  union,  atfe  insapidde  of  Inxeding.    There  ara^  ii^ 
deed,  aoma  atateinenta  which  render  it  probable  that  hybrid 
anonala  hacre  proeceated  wkh  perfect  ones;  at  the  same 
time  there  are  few  which  are  above  soapicion.    Where  auch 
occurrences  have  taken  jdace,  and  they  are  unquestionably 
very  rare,  the  species  have  been  very  closely  allied  in  struc- 
ture and  instincts.     ^^  If  it  be  true,^  (says  J.  Hunter,  with 
great  plausibility,)  ^^  that  the  nmle  has  been  known  to  breed, 
which  must  be  allowed  to  be  an  extraordinary  fact,  it  will 
by  no  means  be  sufficient  to  determine  the  Horse  and  Ass 
to  be  of  the  same  species:  indeed,  from  the  copulation  of 
mules  being  very  frequent,  and  the  circumstance  of  their 
breeding  very  rare,  I  shouk)  rather  attribute  it  to  a  degree 
of  monstrosity  in  the  organs  of  the  mule  which  conceived ; 
not  being  those  of  a  mixed  animal,  but  those  of  the  mare 
or  female  ass.     This  is  not  so  far  fetched  an  idea,  when  we 
conader  that  some  true  species  produce  monsters,  which 
are  a  mixture  of  both  sexes,  and  that  many  animals  of  dis- 
tinct sex  are  incapable  of  breeding  at  all.*"     ^^  If,  then,  we 
find  Nature  in  its  greatest  perfection  deviating  from  general 
principles,  why  may  not  it  happen  likewise  in  the  produc- 
tion of  mules,  so  that  sometimes  a  mule  shall  breed,  from 
the  drcumstance  of  its  being  a  monster  respecting  mules  *  P^ 
Whenever  we  observe  animals  in  a  free  state,  and  where 
there  is  room  for  choice,  engaging  mllingb/  in  the  business 

•  Phil.  Trans.  1787,  p.  253. 
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of  procreatkni,  and  giving  Iwrth  to  B,faiik  progeny,  we 
may  with  onnfidenoe  conclude  that  the  individuals  so  acting 
bdong  to  one  qpedes.  When,  on  the  oontiary,  we  obaerve 
individuals  in  a  domesticated  or  confined  state,  and  without 
the  liber^  of  choice,  enga^i^  rehtctan&f  in  the  gratifica- 
tion of  theprocreative  instinct,  and  giving  birth  to  aiorreis 
progeny,  we  may  be  certain  that  sudi  belong  to  diflerent 
•q)ecies,  and  that  the  imion  has  been  unnatumL  This  dr- 
cumstanoe  of  procreating  willii^ly ,  and  producing  a  fertile 
progeny,  is  the  only  infallible  criterion  of  specie8,-*i4he 
basb  of  all  the  methods  of  ammganoit  in  xookigy,  and  all 
the  truths  of  anatomy  and  phyaology. 
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